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Abstract: Our paper aims to give a thorough description of the infra-ophiolitic mélanges associated with the Mersin
ophiolite. We propose new regional correlations of the Mersin mélanges with other mélange-like units or similar series,
located both in southern Turkey and adjacent regions. The palaeotectonic implications of the correlations are also
discussed. The main results may be summarized as follows: the infra-ophiolitic mélange is subdivided into two units,
the Upper Cretaceous Sorgun ophiolitic mélange and the Ladinian−Carnian Hacialanı mélange. The Mersin mélanges,
together with the Antalya and Mamonia domains, are represented by a series of exotic units now found south of the
main Taurus range, and are characteristic of the South-Taurides Exotic Units. These mélanges clearly show the mixed
origin of the different blocks and broken formations. Some components have a Palaeotethyan origin and are
characterized by Pennsylvanian and Lower to Middle Permian pelagic and slope deposits. These Palaeotethyan
remnants, found exclusively in the Hacialanı mélange, were reworked as major olistostromes in the Neotethys basin
during the Eo-Cimmerian orogenic event. Neotethyan elements are represented by Middle Triassic seamounts and by
broken formations containing typical Neotethyan conodont faunas such as Metapolygnathus mersinensis Kozur & Moix
and M. primitius s. s., both present in the latest Carnian interval, as well as the occurrence of the middle Norian
Epigondolella praeslovakensis Kozur, Masset & Moix. Other elements are clearly derived from the former north
Anatolian passive margin and are represented by Huğlu-type series including the Upper Triassic syn-rift volcanic event.
These sequences attributed to the Huğlu-Pindos back-arc ocean were displaced southward during the Late Cretaceous
obduction event. The Tauric elements are represented by Eo-Cimmerian flysch-like and molasse sequences intercalated
in Neotethyan series. Additionally, some shallow-water blocks might be derived from the Bolkardağ paraautochthonous and the Taurus-Beydağları marginal sequences.
Key Words: mélange, Triassic, Permian, pelagic, Neotethys, Palaeotethys, Huğlu-Pindos

Güney Türkiye'de Mersin Melanjlarının Jeolojisi ve Korelasyonu
Özet: Makalemizin amacı Mersin ofiyoliti ile ilişkili ofiyolit-altı melanjlarının detaylı bir tasvirini yapmaktır. Mersin
melanjlarının hem güney Türkiye’de hem de diğer bölgelerdeki melanj benzeri birlikler veya müşabih serilerle yeni
deneştirmelerini teklif ediyoruz. Burada deneştirmelerin paleotektonik anlamları da tartışılmaktadır. En önemli
sonuçlar şu şekilde özetlenebilir: Ofiyolit-altı melanjı geç Kretase Sorgun melanjı ve Ladiniyen−Karniyen Hacıalanı
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melanjı olmak üzere iki birliğe bölünmüştür: Mersin melanjları Antalya ve Mamonia alanları ile birlikte şimdi ana
Toros silsilesinin güneyinde bulunan bazı ekzotik birliklerden oluşmaktadırlar ve Güney Taurid Ekzotik Birliklerini
karakterize ederler. Bu melanjlarda açıkça muhtelif kırık formasyonların ve blokların karıştığı görülmektedir. Bazı
öğeler Paleotetis’den türemişlerdir ve Pensilvaniyen ve erken ve orta Permiyen pelajik yamaç çökellerinden oluşurlar.
Bu Paleotetis öğeleri yanızca Hacıalanı melanjında bulunurlar ve Eo-Kimmeriyen orojenik olayı esnasında Neotetis
havzasında büyük olistostromlar olarak baştan çökelmişlerdir. Neotetis öğeleri orta Triyas denizaltı tepeleri ve kırık
formasyonlarınca temsil edilirler ve en geç Karniyen aralığında bulunan Metapolygnathus mersinensis Kozur & Moix ve
M. primitius s. s. ile orta Noriyen’i temsil eden Epigondolella praeslovakensis Kozur, Masset & Moix gibi tipik Neotetis
konodontları içerirler. Diğer öğeler içinde açıkça Kuzey Anadolu pasif kenarından türemiş olan ve geç Triyas yaşlı bir
riftleşme-yaşıtı volkanik sürecin izlerini taşıyan Huğlu Tepe serisi bulunur. Huğlu-Pindos yay-ardı okyanusuna
atfedilen diziler geç Kretase ofiyolit bindirmesi esnasında güneye doğru itilmişlerdir. Taurid serileri, Neotetis serileri
içinde tektonik olarak ardalanan Eo-Kimmeriyen fliş benzeri ve molas dizilerinden oluşmaktadırlar. İlâve olarak bazı
sığ denizel bloklar Bolkardağ paraotoktonundan ve Toros-Bey Dağları kenar istifinden türemiş olabilirler.
Anahtar Sözcükler: melanj, Triyas, Permiyen, pelajik, Neotetis, Palaeotetis, Huğlu-Pindos

Introduction
The term ‘mélange’ was first introduced to describe a
complicated tectonic mixture in the Precambrian
Mona Complex of Anglesey Island in Wales (Greenly
1919). Much later, the term was re-used in Turkey by
Bailey & McCallien (Ankara mélanges; 1950, 1953),
in Iran by Gansser (coloured mélanges; 1955), and in
California by Hsu (Franciscan Complex; 1968).
From that time onward, it was broadly applied to
different kinds of chaotic complexes throughout the
world. However, despite the fact that mélanges are
widely distributed geological objects, they have
always been subject to controversies regarding their
definition, origin, deformation mechanism and
tectonic significance (Silver & Beutner 1980;
Raymond & Terranova 1984). For the last three
decades, the term mélange has been more and more
used as a synonym for accretionary sequences when
including oceanic remnants (‘ophiolitic mélange’ of
Gansser 1974). More recently, trying to gather in one
definition the various existing ones, a new
descriptive definition and classification of mélange
was given by Raymond (1984): mélanges consist of
tectonic or sedimentary assemblages of various kinds
of blocks (exotic or not) within a fine-grained
matrix; with increasing degree of disorder, the future
mélange passes first from a coherent unit to a broken
unit, then to a dismembered unit and finally to a
mélange.
The advent of the concept of plate tectonics
definitively confirmed the importance of the
recognition of accretion-related mélanges. We
58

consider the components of ophiolitic mélanges to
be derived from both an upper ophiolitic obducting
plate and a lower oceanic plate and its connected
margin. Thus, besides ophiolitic elements, it may
incorporate elements of a magmatic arc and a passive
continental margin. Their identification and
understanding is crucial, especially in a
palaeotectonic and palaeogeographic perspective.
Although scenarios can become more complicated,
as with the Mersin mélanges, elements of the
mélanges should be classified according to this
dynamic scheme. Moreover, as the lower plate
usually totally disappears during the obduction
process, it can only be reconstructed from its
elements found in the mélanges. Therefore, because
of their key location at active margin boundaries,
preserved accretion-related mélanges provide strong
constraints on the geological evolution of former
oceanic domains and their adjacent margins. In
Turkey, the study of mélanges has significantly
improved the knowledge of the tectonic evolution of
the Tethyan oceans (e.g., Şengör & Yılmaz 1981;
Parlak & Robertson 2004; Robertson et al. 2006,
2007, 2009).
Our paper aims to give a thorough description of
the infra-ophiolitic mélanges associated with the
Mersin ophiolite (Parlak 1996; Masset & Moix 2004;
Parlak & Robertson 2004). Our work is based on
field observations and hundreds of fossil
identifications both from blocks of various
lithologies and the matrix of the mélanges. We then
propose to improve regional correlations of the
Mersin mélange with other mélange-like units or
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similar series, located both in southern Turkey and
adjacent regions (e.g,. Cyprus, Greece, and Sicily):
the palaeotectonic implications of the correlations
are also discussed.
Geological Settings
Since the pioneer work of Şengör & Yılmaz (1981),
the internal geometry of the Tethyan domain has
been recognized to be characterized by a complex
array of plate boundary systems composed of a
continuously evolving network of ridges, transforms
and subduction zones. Their record of activity is now
found, in various states of preservation, mainly along
the sutures of the Tethysides, the sites of former
Tethyan oceans. Recent geological subdivisions of
Turkey based on palaeogeography and plate
tectonics were made by Okay & Tüysüz (1999) and
Bozkurt & Mittwede (2001). Based on proper terrane
definitions and geological descriptions of the main
sutures, microcontinental blocks, and oceanic
domains, Moix et al. (2008a) developed this concept
further. Presently, the İzmir-Ankara-Erzincan suture
divides Turkey into two main tectonic units, the
Pontides and the Taurides-Anatolides platform
(Figure 1). In the north, the Pontides comprise the
Sakarya, İstanbul, Zonguldak and Rhodope-Strandja
zones. South of the suture, the composite TauridesAnatolides domain is subdivided into the Anatolian
and Taurus terranes (Stampfli 2000): the Taurus
terrane belonged to Gondwana, at least until Early
Permian times, whereas the Anatolian terrane has
post-Variscan Eurasian affinities. Moix et al. (2008a)
introduced the term ‘South-Taurides Exotic Units’ to
describe the exotic elements of the Anatolian terrane
now found south of the Taurus terrane (such as the
Mersin mélanges and ophiolites), juxtaposing or
incorporating them into typical Neotethyan units. To
the southeast, a major Tertiary suture zone separates
the Taurides-Anatolides composite domain from the
peri-Arabian system (Figure 1).
The Mersin mélanges belong to the Mersin
Ophiolitic Complex (thereafter MOC). In addition
to the mélanges, the MOC also consists of a subophiolitic metamorphic sole and well-developed
oceanic ophiolitic series. The three structural
elements are represented in the field by numerous

tectonic slices. The Mersin ophiolite recognized by
Juteau (1980) was accurately described by Parlak
(1996) and Parlak et al. (1996a, b). The Mersin
ophiolite formed in a supra-subduction zone (SSZ)
tectonic setting during the Late Cretaceous (Parlak &
40
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Delaloye 1996, 1999; Çelik 2008). Ar/ Ar dates
from hornblendes show that the age of cooling below
500 °C of the metamorphic sole ranges from
96.0±0.7 Ma to 91.0±0.8 Ma (Parlak 1996; Parlak &
Delaloye 1999; Dilek et al. 1999). K/Ar datings on
hornblendes indicate ages ranging from 94.0±4 Ma
to 101±4 Ma (Thuizat et al. 1981) with an average of
93.4±2 Ma (Parlak et al. 1995). Diabase dykes cutting
the metamorphic sole yielded ages ranging between
89.6±0.7 Ma and 63.8±0.9 Ma (Parlak & Delaloye
1996), 86.3±0.5 Ma (Parlak 1996) and 91.0±0.6 Ma
(Dilek et al. 1999).
North of Mersin, the youngest sediments
transgressing over the ophiolitic mélange are early
Ypresian around Namrun (Avşar 1992). In Sorgun
and Arslanköy, the youngest sediments above the
ophiolite belong to the Burdigalian of the Adana
Basin (Ricou et al. 1975; Pampal 1984, 1987). The age
of the Scaglia-type limestones and the first detrital
inputs together with the transgressive Tertiary
sediments above the ophiolite allow us to constrain
the interval for the final thrusting of the MOC onto
the southern Tauric margin. The late Campanian to
early Maastrichtian flexuration of this margin is
clearly younger than the one recorded along the
northern margin of the Anatolian terrane, usually of
Turonian age, locally starting already during the
Cenomanian and was generally sealed by
Maastrichtian sediments (Moix et al. 2008a).
The Mersin Mélanges
Introduction and Generalities
We thoroughly investigated the previously poorlystudied Mersin mélanges 30–35 km N/NW away
from the coastal town of Erdemli. The area is framed
by the villages of Gâvuruçtuğu (N), Poyrazlı and
Hacialanı (S) and includes the villages of Sorgun and
Toros. The Mersin mélange lies on the Tauric
platform and is tectonically overlain by the subophiolitic metamorphic rocks and the ophiolitic
suite (Figures 1, 2C, 3 & 4). Geological maps of the
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Figure 2. Synthetic lithostratigraphic sections of the paraautochthonous Bolkar Massif north of Mersin. (A)
Modified from Demirtaşlı et al. (1984); (B) compiled from Demirtaşlı et al. (1984) and Clark &
Robertson (2002); (C) compiled from Demirtaşlı et al. (1984) and Özgül (1984). Key on Figure 6.
The geological time scale is after Gradstein et al. (2004) for the Early Permian, Jurassic and
Cretaceous, and after Kozur (2003a, b) for the Middle–Late Permian and Triassic.
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(1996), Masset & Moix (2004) and Özer et al. (2004). Location of Figure 4.

Mersin ophiolite and associated units were drawn in
Arslanköy (Pampal 1984), and in Güzelolük-Sorgun
(Pampal 1987). Later, rock assemblages comprising
continental margin units, rift series, platform
fragments, slabs of metamorphic rocks and
fragments of oceanic lithosphere were recognized
(Parlak 1996). Four distinctive associations were
subsequently identified by Parlak & Robertson
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(2004): (1) a shallow-water carbonate association; (2)
a volcanogenic-terrigenous-pelagic association; (3) a
basalt-radiolarite-pelagic limestone association and
(4) an ophiolite-derived association.
Because of strong dissimilarities, the Mersin
ophiolitic mélange was subdivided into two
independent units (Masset & Moix 2004; Moix et al.
2007a, b): the first one is the Upper Cretaceous
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Zone 36S.

Sorgun ophiolitic mélange (thereafter SOM), and the
second one is the Middle to Upper Triassic Hacialanı
mélange (thereafter HM). The distinction between
these two mélanges is principally based on field

criteria: (1) the presence or absence of ophiolitic
material: in the SOM there are large outcrops of
serpentinite, gabbros and locally amphibolites,
whereas in the HM these lithologies are not
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Table 1. Summary of the sample numbers, GPS localities and age of the critical samples described in the text and in the
palaeontological plates. Coordinates are given in WGS84, UTM Zone 36S.

Section

Sorgun Ophiolitic Mélange

Talvarlıyurt block

Tavusçayırı block

Kocatabur block
Gâvuruçtu u block
Keven block
1
2
3
4
5
6
7
8
9

isolated sample
isolated sample
isolated sample
isolated sample
isolated sample
isolated sample
isolated sample
isolated sample
isolated sample
Karinkalı block

Hacialanı Mélange

pillow-lavas and radiolarites
Black folded limestones
10
isolated sample
11
isolated sample
12
isolated sample
13
isolated sample
14
isolated sample
15
isolated sample
16
isolated sample
17
isolated sample
18
isolated sample
19
isolated sample

Sample
C10
C11
C12
316
337
G4
G5
G7
G11
G19
339
MM078
363
MM030
M2
MM140
MM019
MM092
MM144
323
353
359
392
393
415
K5
J9a
J9b
129/06
MM173
MM174
325
329
355
378
383
384
J2
MM157

X-coordinate
605214
605214
605214
606391
606370
605728
605740
605787
606066
606478
606422
606715
606746
604596
603602
603610
604724
603580
604359
604656
603723
606103
603994
604154
603864
603160
602974
602974
602570
604526
604526
604345
604516
603588
604434
604522
604535
603662
603637

represented; (2) the type of lithologies: thick series of
pelagic cherts (sometimes associated with tuffites)
and calciturbidites, pillow-lavas associated with
radiolarian cherts, black folded platy limestones and
Upper Triassic turbiditic sandstones are restricted to
the HM. After processing the collected samples, the
age and the palaeontological affinity of the
components of the mélanges (the core of the present
paper), the Colour Alteration Index of the conodonts
64

Y-coordinate
4086538
4086538
4086538
4086645
4086576
4084868
4084878
4084694
4084886
4084743
4084593
4084592
4084529
4086653
4083436
4083421
4085021
4083732
4083505
4085693
4082555
4084336
4083325
4083355
4085197
4078353
4078792
4078792
4079078
4078836
4078836
4078575
4078784
4082755
4078641
4078771
4078795
4077221
4077403

Age
late Oxfordian–Kimmeridgian
late Tithonian–Berriasian
Berriasian–Hauterivian
late Barremian–early Aptian
Cenomanian
Anisian
early Carnian
late Julian
early Tuvalian
middle to late Norian
late Bajocian
latest Carnian–earliest Norian
latest Rhaetian
middle Norian
early Asselian
late Early Permian
late Turonian–early Coniacian
Guadalupian (Midian?)
Bashkirian
Early Triassic
late Ladinian
Valanginian–Hauterivian
late Tithonian–early Valanginian
late Serpukhovian–earliest Bashkirian
late Anisian to early Norian
Kungurian
late Illyrian
latest Illyrian
Spathian
Guadalupian (Roadian?)
Wordian
Middle Permian
Kungurian
Early Permian
Capitanian
Kungurian
late Wordian
Valanginian
Dogger (post-Aalenian, Bajocian?)

(CAI) and the Thermal Alteration Index (TAI) of the
pollens gave additional clues to validate the
subdivision into these two units. The CAI and TAI
indicate the grade of metamorphism (Epstein et al.
1977; Rejebian et al. 1987): CAI values in the SOM
are 1 (50–80 °C) and between 3 and 4 for the HM
(200–250 °C); TAI values in the matrix of the SOM
are 0% Ro for Late Jurassic–Cretaceous rocks,
effectively no thermal alteration. In contrast, Middle
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to Upper Triassic rocks from the HM gave 0.7% Ro,
corresponding to a thermal alteration at about 200
°C.
In places, the mélanges consist of a chaotic
accumulation of blocks and rocks in a tectonic and
sedimentary mixture (olistostrome) of clastics,
ophiolitic material, and oceanic and exotic blocks of
various ages. Blocks in the mélanges typically range
in size from metres to hundreds of metres. Broken
formations are represented by elongated bodies
ranging in size from hundreds of metres to
kilometres. Systematic dip and strike measurements
indicate that the final emplacement of the MOC and
the reorganization of the blocks and broken
formations follow a northeast–southwest trend,
characterized by a moderate to steep north-westward
or south-eastward dips. Tight to isoclinal folds, north
verging C-S fabrics and duplex structures, verge
normally northward, as in the upper part of Keven
Deresi, NE of Sorgun (Figure 4), where many slices
of serpentinite exhibit northward vergence. In
contrast, south-verging slices of limestone, mainly
striking northeast–southwest, can be observed near
Asarkayası Tepe, NNE of Sorgun (Figure 4).
According to Parlak et al. (1996a), the metamorphic
sole can be used as evidence of thrusting from the
southeast to the northwest in present-day geographic
coordinates. However, structural analysis on
metamorphic soles can only bring information on
the former intra-oceanic obduction processes.
Finally Parlak & Robertson (2004) proposed a
northward obduction of the Mersin ophiolite onto
the Tauric carbonate platform.
The Parautochthonous Sequence and the Transition to
the Mersin Ophiolitic Complex
The Bolkardağ belongs to the Taurus terrane sensu
Moix et al. (2008a) and is the parautochthon for the
Alihoca and the Mersin ophiolites (Figure 2A–C).
This massif was seen as a window of the Arabian
plate and formed the so-called ‘Calcareous Axis’
(Ricou et al. 1975). On a regional scale, the Bolkar
Group is divided into two major thrust sheets,
namely the northern and southern Bolkardağ units,
separated by the Koşan overthrust. The northern

Bolkardağ unit consists of a partly metamorphosed
to greenschist facies Permian to Upper Cretaceous
thick platform-type sequence (Figure 2A, B), locally
cut by diabase intrusions. The upper part of the
Maastrichtian Üçtepeler formation is composed of
grey pelagic limestone and shortly predates the
setting of the Alihoca ophiolitic mélange, itself sealed
by upper Palaeocene limestones (Demirtaşlı et al.
1984). The southern Bolkardağ unit is also a Permian
to upper Cretaceous thick platform-type series
(Figure 2C). The upper part of the platform shows a
continental flexuration during the Campanian
(Cehennemdere formation) followed by a upper
Campanian–Maastrichtian
flysch,
including
ophiolitic olistostromes and olistoliths (Arslanköy
formation). An ophiolitic mélange lies tectonically
above the Arslanköy formation, in turn
unconformably overlain by the Upper Eocene to
Oligocene Aktoprak and the Middle Miocene Mut
formations (Demirtaşlı et al. 1984).
The transition between the Bolkardağ and the
Mersin ophiolite was described near Arslanköy by
Ricou et al. (1975) and later investigated in the
Mersin-Arslanköy-Yavca area (Özer et al. 2004;
Parlak & Robertson 2004; Taşlı et al. 2006).
According to Ricou et al. (1975), the calcareous
sequence plunges southwards, and is capped by
limestones rich in rudist remains. They are then
overlain by a few metres of thin-bedded red
limestone with Globotruncana arca (Cushman), G.
calciformis Vogler, G. ex gr. stuarti (de Lapparent)
and Orbitoides media d’Archiac, Siderolites
calcitrapoides Lamarck, yielding a Maastrichtian age.
Finally, these levels are in turn overlain by 25 m of
greenish, azoic thin-bedded sandstones. We also
logged near Arslanköy a sedimentary succession
from the platform to the trench (flexural basin),
which confirms the previous work. An assemblage
just below the sandstones yielded Globotruncana
bulloides Vogler, G. linneiana (d’Orbigny),
Globotruncanita stuartiformis (Dalbiez), G.
stuartiformis aff. calcarata and Inoceramus sp.,
showing that the Scaglia limestone was deposited
during the late Campanian–earliest Maastrichtian
interval. The facies transition represents the latest
stage of Cretaceous (Campanian–Maastrichtian)
neritic sedimentation before the flexuration of the
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margin and the obduction of the ophiolites onto the
southern margin of the Taurus terrane.

NW–SE axis. Locally, the matrix comprises strongly
foliated greenish fine- to coarse-grained sandstones
and mudstones.

The Sorgun Ophiolitic Mélange (SOM)

Several types of facies are found floating within
the matrix. Near Sorgun, neritic limestone units are
structurally repeated several times, with a soft and
fine-grained tuffitic matrix in between. Within the
SOM, most of the blocks are made of Upper Triassic
massive neritic limestones containing the following
taxa: Palaeolituonella meridionalis (Luperto),
Aulotortus sinuosus Weynschenk, A. sp., Endothyra
tyrrhenica Vachard, Martini, Rettori & Zaninetti,
Glomospirella sp., Ophthalmidium sp., Endoteba sp.,
Reophax sp. and abundant Duostominidae were
identified in several blocks. In Keven Deresi, the first
occurrence of Carboniferous limestones in the
Mersin mélanges is illustrated by blocks of mediumbedded black fetid bioclastic wackestones which
yielded late Serpukhovian–earliest Bashkirian
(Sample 393, Table 1, Figure 4) and Bashkirian ages.
The late Serpukhovian–earliest Bashkirian
assemblage is composed of microbialitic
biopelmicrites (thrombolites) with Terebella (worm
burrows) (Plate 1, Figure 2), dendrolites of the
pseudo-alga Praedonezella cf. cespeformis Kulik
(Plate 1, Figure 1), another pseudo-alga Stacheoides
sp.,
ostracods,
and
the
foraminifera
Hemithurammina fimbriata (Howchin) emend.
Mamet, Eotuberitina reitlingerae Miklukho-Maklay,
Diplosphaerina sp., Tuberitina bulbacea Galloway &
Harlton, Earlandia elegans (Rauzer-Chernousova &
Reitlinger in Rauzer-Chernousova & Fursenko),
Endothyra sp., Pseudotaxis (= Endotaxis)
brazhnikovae (Bogush & Juferev), Tetrataxis sp.,
Plectostaffella cf. varvariensiformis Brazhnikova &
Vdovenko (Plate 1, Figure 3) and Globivalvulina aff.
moderata Reitlinger. In microfacies, the Bashkirian
assemblage (Sample MM144, Table 1, Figure 4)
comprises metazoan fragments such as brachiopods
(tests and spines), bryozoans, ostracods, gastropods,
sponge spicules (monaxones and polyaxones),
conodonts, crinoids, corals; pseudo-algae:
Anthracoporellopsis machaevii Maslov (Plate 1,
Figure 6a), Stacheoides? sp.; foraminifera:
Pachysphaerina
pachysphaerica
(Pronina),
Hemithurammina fimbriata (Howchin) emend.
Mamet (Plate 1, Figure 7), Eotuberitina reitlingerae

The SOM occupies the highest tectonic position and
is found in the northern part of the investigated area.
As the SOM is analogous to the Fındıkpınarı
formation (Özer et al. 2004), and to the mélange
described in Arslanköy (Demirtaşlı et al. 1984), it
should be laterally extensive. The SOM is delimited
to the north by the transgressive rocks of Cenozoic
age and to the south by the HM. Many coherent
series with kilometric lateral extent were identified
within the SOM, and we consider the Gâvuruçtuğu,
Talvarlıyurt, Tavusçayırı and Kocatabur blocks as
broken formations or nappes (Figures 4 & 5A–D). In
addition to these kilometric blocks, there is a
multitude of smaller blocks: carbonates ranging from
Early Carboniferous to Late Triassic; radiolarites
ranging from Ladinian to late Turonian–early
Coniacian; rare blocks of amphibolites; blocks of
partially serpentinous peridotites, gabbros and
pillow-lavas, and blocks of debris-flows (including
sometimes ophiolitic debris). Within these smallscale blocks, some are of particular interest as they
exhibit peculiar lithologies, such as the Kangal,
Zindan, Keven, Gerdemelipinarı, Fırıntaş, Çardak
and Değırmenbaşı blocks (Figure 6E).
Matrix and Blocks of the Sorgun Ophiolitic Mélange–
The matrix of the SOM corresponds partly to the
Cenomanian to Santonian–Campanian Başpınar
formation (Pampal 1987), which contains deep sea
radiolarites, pelagic limestones and ophiolite-derived
rocks. This formation is well-exposed near Toros.
The ductile fraction of the SOM matrix is generally
serpentinitic or argillitic (pelitic rocks). In places, it
is composed of sheared serpentinites, in which
massive serpentinite blocks up to several metres
across are embedded. This type of matrix is exposed
in the upper part of the ENE–WSW-trending Keven
Deresi (Figure 4) where the sheared serpentinites
present small-scale folds and faults. Elsewhere, the
matrix is composed of mass- and debris-flows rich in
ophiolitic material, lavas and radiolarites. Blocks of
radiolarites within the debris-flows show boudins
indicating maximal elongation on an approximately
66

P. MOIX ET AL.

SOM (broken formations)
A

C

D

Tavusçayırı block

Kocatabur block

Gâvuruçtuğu block

339
MM078
G19

Ber.

Val.

Hau.

Norian

316

Rhaetian

337

Bar.

Apt. Alb. Cen.

Bath.

Talvarlıyurt block

B

Kim.

G11

Norian

C10

G7

Norian

Carnian

Bat.-Call. Oxf.

MM030

Norian - Rhaetian

Tit.

C11

G5
MM078
40 m

100 m

Carnian

G4
10 m

20 m

Figure 5. Synthetic lithostratigraphic sections of the broken formations in the Sorgun Ophiolitic Mélange. Location of the
logs on Figure 4 and key on Figure 6.
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Miklukho-Maklay, Tuberitina sp., Asteroarchaediscus
postrugosus (Reitlinger) (Plate 1, Figure 4),
Eolasiodiscus transitorius Brazhnikova & Yartseva,
Earlandia sp., Endothyra sp., Iriclinella spirilliniformis
(Brazhnikova & Potievskaya) (Plate 1, Figure 8),
Tetrataxis sp., Globivalvulina moderata Reitlinger, G.
bulloides (Brady), Eostaffella pseudostruvei RauzerChernousova & Belyaev in Rauzer-Chernousova et
al., Ozawainella aff. digitalis Manukalova (Plate 1,
Figure 7), Calcivertella sp., Calcitornella sp., and
Cornuspira multivoluta (Reitlinger) (Plate 1, Figures
5 & 6b, c). This facies seems widespread in the
Taurides (Brinkmann 1976; Altıner 1981; Lys 1986).
Another block of lithoclastic rudstone presents a
reworking of different Bashkirian, Moscovian,
Kasimovian, Gzhelian and Permian (probably
Midian) facies and microfossils (Sample MM092,
Table 1, Figure 4), including algae sensu lato such as
Archaeolithoporella hidensis Endô (Plate 1, Figures
17, 18b), Tubiphytes obscurus Maslov (Plate 1, Figure
18a), Koivaella permiensis Chuvashov, Praedonezella
cespeformis Kulik, Beresella sp. (Plate 1, Figure 16),
Ungdarella ex gr. uralica Maslov (Plate 1, Figure 12b),
the foraminifera Pachysphaerina pachysphaerica
(Pronina), Eotuberitina reitlingerae MiklukhoMaklay, Earlandia sp., Iriclinella sp. (Plate 1, Figure
12a), Obsoletes sp. (Plate 1, Figure 10), Nankinella sp.,
Pseudostaffella ex gr. antiqua (Dutkevich) (associated
with and dating all the big oolites (Plate 1, Figure 13)
occasionally isolated in the microfacies),
Profusulinella sp., Fusulinella sp. (Plate 1, Figure 9),
Tetrataxis sp., Charliella sp., Rauserites sp. (Plate 1,
Figure 15), Bradyina lucida Morozova emend. Pinard
& Mamet (Plate 1, Figure 14), and Asteroarchaediscus
baschkiricus (Krestovnikov & Teodorovich) (Plate 1,
Figure 11). Abundant pelagic blocks are mainly
represented by Hallstatt Limestone facies. A microconglomerate (Sample 323, Table 1, Figure 4)
reworks basal Triassic clasts including the conodonts
Hindeodus parvus (Kozur & Pjatakova), H. parvus
anterodentatus Kozur, Ellisonia transita nomen
nudum, Hadrodontina sp. and Clarkina carinata
(Clark), plus Capitanian pebbles characterized by
Archaeolithoporella hidensis Endô and Lopingian
pebbles characterized by Paradoxiella sp. Pelagic
facies belonging to the Hindeodus parvus Zone are
not common in Turkey and H. parvus was so far only
discovered in the Antalya Nappes (Crasquin-Soleau
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et al. 2002). Between Kısanlıbük Mvk. and
Püreliyaylası Mvk. (Figure 4), the conodonts
Paragondolella excelsa Mosher, P. noah (Hayashi) and
Epigondolella orchardi Kozur were identified within a
few centimetres of a upper Anisian to lower Norian
highly condensed succession of pelagic Hallstatt
Limestones (Sample 415, Table 1, Figure 4). These
limestones unconformably overlie shallow-water
limestones rich in corals presenting a palaeo-reef
development. This condensed series might have been
deposited on a Neotethyan seamount.
Radiolarites are very common and range from
Middle Triassic to Coniacian, suggesting that at least
one deep open basin remained open until this time
interval. Infrequent outcrops of typical Upper
Triassic turbiditic sandstones with plants, associated
with Halobia-bearing limestones were recognized.
One sample of green folded radiolarian chert
(Sample 353, Table 1, Figure 4) yielded a late
Ladinian
association
composed
of
Pseudostylosphaera spp. (Plate 2, Figure A) and
Muelleritortis spp. (Plate 2, Figure B). The youngest
identified sediment is a upper Turonian–lower
Coniacian radiolarian chert (Sample MM019, Table
1, Figure 4), characterized by Cryptamphorella spp.,
Archaeodictyomitra sp. (Plate 2, Figure F),
Dictyomitra spp. (Plate 2, Figures E, G & J), D.
formosa Squinabol (Plate 2, Figure Q), D. koslovae
Foreman (Plate 2, Figures H, K, L, M, O & P),
Pseudodictyomitra
aff.
pseudomacrocephala
(Squinabol) (Plate 2, Figures D, N), Holocryptocapsa
cryptodon Dumitrică (Plate 2, Figure I) and Xitus cf.
mclaughlini (Pessagno) (Plate 2, Figure C). A
Valanginian–Hauterivian association from a
radiolarian chert (Sample 359, Table 1, Figure 4) is
characterized by Archaeodictyomitra apiarium
(Rüst), A. coniforma Dumitrică, Cinguloturris
cylindra Kemkin & Rudenko and Pantanellium
squinaboli (Tan). An upper Tithonian–lower
Valanginian radiolarian chert (Sample 392, Table 1,
Figure 4) yielded Archaeodictyomitra excellens (Tan),
Cinguloturris cylindra Kemkin & Rudenko, Emiluvia
chica Foreman, E. pessagnoi Foreman, Loopus yangi
Dumitrică, Mirifusus dianae (Karrer), Obesacapsula
cetia (Foreman), Parapodocapsa furcata Steiger,
Triactoma tithonianum Rüst, Tritrabs casmaliaensis
(Pessagno) and Syringocapsa sp. A Valanginian chert
was also discovered in the HM, immediately below
the Mersin ophiolite.
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Broken Formations of the Sorgun Ophiolitic Mélange–
The Talvarlıyurt block (Figures 4 & 5A, Table 1) is a
300-m-thick sequence with a moderate lateral extent.
Its lithological components are sometimes
reproduced on a smaller scale in the SOM. The
sequence begins with grey neritic massive limestones
(Late Triassic?), followed by medium-bedded
limestones with replacement cherts. Several massflows (100 m) mark a transition from neritic to
deeper environments. These gravity flows rework
complete metre-scale stratigraphic successions of
shallow water, slope and deep marine sediments.
Thin-bedded grey to pink micritic nodular
limestones with replacement cherts yielded a fauna
characterized by bivalves, conodonts, sponge
spicules, ostracods and radiolaria of late early Norian
age. Hallstatt Limestone yielded middle Norian
conodonts. Another block yielded Middle to Late
Triassic shallow water fauna, whilst another gave a
basal Norian age in pelagic facies. The matrix of
these mass-flows is a red micrite forming dyke-like
structures, interpreted as the signature of a Late
Triassic ‘Neotethyan’ rifting (Parlak 1996; Parlak &
Robertson 2004). Above these large reworked blocks,
a mega-breccia already recognized by Parlak &
Robertson (2004) comprises cm- to m-scale
elements of pink, grey and mauve micritic
limestones, red siliceous limestones, red cherts and
black cherts enveloped in a pink arenitic to micritic
matrix. The uneven surface of the breccia is locally
filled by a red, partly silicified calcarenite which
yielded Bathonian–Callovian radiolaria.
The sequence continues with thin-bedded
reddish to brown radiolarites ranging from late
Oxfordian to Kimmeridgian (Sample C10, Table 1,
Figure 5A). The assemblage yielded Emiluvia orea
Baumgartner, transitional to E. ultima Baumgartner
& Dumitrică, Hexasaturnalis minor (Baumgartner),
H. nakasekoi Dumitrică & Dumitrică-Jud,
Higumastra sp., Podobursa spinosa Ožvoldova, P. sp.,
Tripocyclia cf. jonesi Pessagno, Angulobracchia
biordinalis Ožvoldova, Archaeodictyomitra apiarium
(Rüst), A. excellens (Tan), A. minoensis (Mizutani),
Pantanellium cf. squinaboli (Tan), Tetratrabs bulbosa
Baumgartner, and Zhamoidellum ovum Dumitrică.
This radiolaritic interval is followed by Majolica-type
facies which consists of 100 m of very thin- to thin-

bedded mauve, pink, grey and green micritic
siliceous and argillaceous platy limestones. These
limestones are rich in primary cherts, which form
discontinuous layers and nodules containing
radiolaria of late Tithonian to Berriasian age in the
lower part (Sample C11, Table 1, Figure 5A). The
assemblage comprises Angulobracchia portmanni
Baumgartner, Dicerosaturnalis dicranacanthos
(Squinabol), Emiluvia chica Foreman, Pantanellium
squinaboli (Tan), Parvicingula sp., Ristola altissima
(Rüst), Svinitzium depressum (Baumgartner) and
Tetratrabs? radix Jud. Nodules in the upper part
yielded the following Berriasian–Hauterivian taxa
(Sample C12, Table 1, Figure 5A): Hemicryptocapsa
cf. capita Tan, Pantanellium aduncum (Parona), P.
squinaboli (Tan) and Syringocapsa agolarium
Foreman. It continues with 30 m of red to brownish
radiolarites ranging in age from late Barremian/early
Aptian (Sample 316, Table 1, Figure 5A) in the lower
part, to Cenomanian in the upper part (Sample 337,
Table 1, Figure 5A). The lower assemblage includes
Acaeniotyle
diaphorogona
Foreman,
Archaeodictyomitra excellens (Tan), Aurisaturnalis
carinatus perforatus Dumitrică & Dumitrică-Jud,
Dicerosaturnalis amissus (Squinabol), Dictyomitra
communis (Squinabol) (Plate 2, Figures U, Y, AA &
AB), Hiscocapsa asseni (Tan) (Plate 2, Figure V),
Praexitus alievi (Foreman) (Plate 2, Figure R),
Pseudodictyomitra carpatica (Lozinyak) (Plate 2,
Figure X), P. lilyae (Tan) (Plate 2, Figure Z), P. cf.
thurowi Dumitrică (Plate 2, Figure AC),
Pseudoeucyrtis zhamoidai (Foreman) (Plate 2, Figure
W), P. tenuis (Rüst), Suna hybum (Foreman) (Plate 2,
Figure S), Thanarla pacifica Nakaseko & Nishimura
and Xitus vermiculatus (Renz) (Plate 2, Figure T).
The upper assemblage is characterized by
Pseudodictyomitra pseudomacrocephala (Squinabol)
and P. cf. tiara (Holmes). The sequence ends with a
wildflysch including metre- to tens of metres-scale
blocks enveloped in a turbiditic sandstones matrix.
The Tavusçayırı block (Figures 4 & 5B, Table 1) is
an isolated 600-m-thick broken formation. Its lateral
extent is large (km-scale), and its lithological
components are sometimes reproduced on a smaller
scale elsewhere in the mélange. This succession
represents a typical transgressive sequence marking
the break-up of a platform and the opening of a rift
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basin in Late Triassic times. The sequence starts with
15–20 m of polymict breccia in a red micritic matrix.
The elements are heterogeneous in size, varying from
mm- to m-size and are mostly composed of white
neritic limestones, pink micritic limestones and red
calcarenites. Some elements yielded Middle Triassic
pelagic faunas. Above an erosional contact, the
breccia is followed by 60 m of polygenic clastsupported conglomerate with a red silty matrix. The
conglomerate shows cross-bedding and is composed
by cm- to dm-size elements, such as black and white,
partly reefal limestones, beige and red micritic
limestones, and sandstones. This conglomerate is
interpreted to be the product of the dismantling of a
platform. It is followed by 15 m of black
calciturbidites (Sample G4, Table 1, Figure 5B),
reworking foraminifers, corals (Permian?), algae and
megalodontid-type bivalves. The foraminifera
Gaudryina sp., Pilaminella sp., Pilammina densa
Pantić and Ophthalmidium ubeyliense Dager are
characteristic of the Middle–Late Triassic interval,
whereas Pilammina densa indicates precisely the
Anisian.
The series continues with a brownish mediumbedded wackestone (Sample G5, Table 1, Figure 5B),
containing echinoderms, ostracods and the
foraminifera Pilammina densa Pantić, Hoyenella
inconstans (Michalik, Jendrejacova & Borza),
Ophthalmidium sp. and Cucurbita sp., plus
Duostominidae indicating a Carnian to Rhaetian
age; because of the age of the overlying beds, an early
Carnian age is indicated for these deposits. This type
of foraminiferal association is typical for reef
environments and is comparable to assemblages
described in Cyprus by Martini et al. (2009). The
platform ends with an irregular surface made of reef
limestones showing syn-sedimentary faulting. The
palaeo-surface is covered by discontinuous pink
micritic nodular limestones in Hallstatt Limestone
facies (Sample G7, Table 1, Figure 5B) which yielded
ammonoids, foraminifera, echinoderms, crinoids,
fish remains, brachiopods and conodonts of middle
Carnian age. The association, characteristic of the
late Julian Trachyceras austriacum Zone, includes
Joannites cymbiformis (Wulfen), J. sp., Megaphyllites
jarbas (Münster), Coroceras sp., Neoprotrachyceras?
sp. and Sirenites cf. senticosus (Dittmar). Near
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Tavusçayırı Tepe in the SOM, these levels were
erroneously assigned to the Early Jurassic by Parlak
& Robertson (2004).
On our reference section, the Hallstatt Limestone
is conformably overlain by 130 m of thin-bedded
Huğlu-type redeposited green tuffites showing flutecasts, load-casts and also Bouma sequences. The
geochemical signature is of arc-type (VAB),
suggesting possible derivation from an eroding arc.
The thickness of these deposits is variable from one
section to another, and they may be associated with
highly altered brownish lavas and tuffs cut by
numerous faults, outlined by fluid circulations. The
tuffites may have acted as a preferential level for
inter-slicing or thrusting. The tuffitic series is
interspersed with alternations of micritic limestones
and calciturbidites. One micritic limestone level
(Sample G11, Table 1, Figure 5B) contains
conodonts, sponge spicules, ostracods and a wellpreserved radiolarian fauna of the early Tuvalian
Spongotortilispinus moixi Zone (Kozur et al. 2007a, b,
c, 2009; Moix et al. 2007b). The tuffitic episode is
followed by 300 m alternating pelagic limestones,
calciturbidites, bioclastic limestones and debrisflows. The pelagic limestone sedimentation starts
usually during the upper Carnian, continues during
the Norian where some parts could be omitted and
most probably ends during the early Rhaetian (?).
One yellow nodule (Sample G19, Table 1, Figure 5B)
within these pelagic limestones yielded a few
specimens of Annulotriassocampe spp. (Plate 3,
Figure A) and ?Livarella densiporata Kozur &
Mostler (Plate 3, Figure B). According to this
assemblage and to the general succession, the age is
most probably middle to late Norian. However, the
isolated Değirmenbaşı block shows that tuff
deposition persisted at least until the early Norian. In
places, a Toarcian Ammonitico Rosso Limestone
containing the genera Hildoceras, Porpoceras and
Calliphylloceras is well-developed. The early
Rhaetian (?) limestones are overlain by a breccia,
followed by late Bajocian brownish radiolarian cherts
(Sample 339, Table 1, Figure 5B) composed of
Archaeospongoprunum imlayi Pessagno (Plate 3,
Figures C, I), Homoeoparonaella cf. argolidensis
Baumgartner, Mirifusus fragilis praeguadalupensis
Baumgartner & Bartolini, Paronaella broennimanni

P. MOIX ET AL.

Pessagno (Plate 3, Figure F), Protunuma costata
(Heitzer) (Plate 3, Figure H), Stichocapsa robusta
Matsuoka, Teichertus splendidus Hull, Transhsuum
maxwelli (Pessagno) (Plate 3, Figure E), T. medium
Takemura (Plate 3, Figure D), Tricolocapsa conexa
Matsuoka, Tritrabs casmaliaensis (Pessagno) and
Napora sp. (Plate 3, Figure G). This radiolarian
interval corresponds to the Early–Middle Jurassic
radiolarites reported by Kozur (1997) in the Huğlu
type area.
The Kocatabur block (Figures 4 & 5C, Table 1) is
about 100 m thick and is situated south of the
Tavusçayırı block. The lateral extent of this broken
formation is relatively large (km-scale) and its
lithological components are reproduced at lowerscale elsewhere in the SOM. The sequence begins
with 4 m of thin-bedded grey to pink micritic and
nodular limestones. The fauna is composed of
sponge spicules, foraminifera, fish remains,
ammonoids and conodonts, which give a latest
Carnian to earliest Norian age for the pelagic
sequence (Sample MM078, Table 1, Figure 5C). It is
notably rich in Metapolygnathus mersinensis Kozur &
Moix and M. primitius s. s., both good indicators of
the Neotethyan domain (Moix et al. 2007b). It
continues with 100 m of recrystallized massive
limestones. The presence of fissure fillings indicates
the fracturing of the platform during the Late
Triassic. These neptunian dykes (Sample 363, Table
1, Figure 5C) are composed of red micrite rich in
brachiopods, bivalves, gastropods, echinoderms and
pelagic conodonts indicative of the latest Rhaetian
Misikella ultima Zone.
The Gâvuruçtuğu block (Figures 4 & 5D, Table 1)
is a 200-m-thick sequence with a moderate lateral
extent. This type of facies seems to be unique in the
SOM. The sequence begins with 30 m of mediumbedded grey to brownish fetid micritic limestones of
Norian age. The presence of organic matter and
framboidal pyrite, a common diagenetic phase in
many types of shale, is especially abundant in strata
formed under oxygen-poor depositional conditions
indicate an anaerobic environment (Wilkin & Barnes
1997; Wignall et al. 2005). The fauna consists of fish
remains, foraminifera, gastropods, bivalves,
radiolaria and sponge spicules, all characteristic of a
(restricted) basinal or ramp environment. The

overlying sequence is transitional to grey micritic
limestones of middle Norian age, above which there
is a facies change to 80 m of thin- to medium-bedded
black to grey micritic argillaceous limestones
alternating with marls. Foraminifera, fish remains,
brachiopods, ostracods, echinoderms, nautiloids and
conodonts are present, but rare. A middle Norian age
for the first layers and a late Norian age 30 m above
have been determined. 4 m of brownish and
recrystallized limestones alternating with marls
mark the transition to highly recrystallized massive
grey limestones with replacement cherts. Based on
foraminifera, the uppermost levels gave a Late
Triassic age. Locally, these limestones are folded,
with rare medium- to large-scale southward verging
tight to isoclinal folds.
The Gâvuruçtuğu block is characterized by a
conodont fauna with middle Norian guide forms
(Sample MM030, Table 1, Figure 5D), such as
Mockina postera (Kozur & Mostler), but above all
with Epigondolella praeslovakensis Kozur, Masset and
Moix (Moix et al. 2007b). This latter species has so
far only been found in the Neotethys and adjacent
areas with unrestricted connection to the
Neotethyan fauna (e.g., Roghi et al. 1995).
Epigondolella praeslovakensis was so far assigned to
Mockina slovakensis (Kozur), but Roghi et al. (1995)
found in Carnia a phylomorphogenetic lineage from
transitional forms E. praeslovakensis - M. slovakensis
into typical M. slovakensis. The data of Roghi et al.
(1995) are hence important for the palaeogeographic
evaluation because they indicate the occurrence of E.
praeslovakensis in the middle Norian of the
Neotethys, a time interval so far rarely investigated
for conodonts. The Neotethyan character of the
middle Norian conodont fauna of the Gâvuruçtuğu
block indicates a derivation from the south, i.e. the
Neotethyan margin of this block. The occurrence of
E. praeslovakensis suggests the Talvarlıyurt block
should also have a Neotethyan origin, but E.
praeslovakensis is very rare in this block for faciesrelated reasons (more open marine development).
The Kangal block (Figures 4 & 6E) exhibits a
pelagic sequence which ranges from the late Carnian
to the late early Norian. This 80-m-thick block
comprises at its base thin- to medium-bedded grey
to pink micritic limestones of Hallstatt Limestone
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Figure 6. Synthetic lithostratigraphic sections of the broken formations and important stratigraphic sequences in the
Sorgun and Hacialanı mélanges. Location of the logs on Figure 4.
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facies locally rich in undetermined ammonoids,
foraminifera and conodonts, and cut by neptunian
dykes. Halobia radiata Gemmellaro, H. styriaca
Mojsisovics, H. austriaca Mojsisovics and the
ammonoids Projuvavites sp. are all characteristic of
the Carnian–Norian boundary interval and are
found in the middle part of the block. The conodonts
from the Kangal block prove the presence of all
Tuvalian zones of the early Norian up to the lower E.
triangularis - N. hallstattensis Zone. The depositional
environment of this formation could be either distal,
or in a topographic high (plateau) swept by currents,
or on the slope of an ocean or other deep water area
far away from sediment-supplying marginal areas.
The Gerdemelipınarı block is about 10 m thick
and is made of pink to red micritic limestones in the
typical Hallstatt Limestone facies ranging from the
middle Carnian to the late Norian. It is medium
bedded at the base and thin bedded and very
condensed at the top. The sequence comprises shelly
limestones rich in Halobia spp. and in undetermined
ammonoids. The Fırıntaş block is about 10 m thick
and is embedded in a sheared serpentinous
peridotite matrix. The section starts with middle
Norian reddish and massive beds rich in
ammonoids, continues with medium-bedded grey to
pink micritic limestones and ends with earliest
Rhaetian thin-bedded pink micritic and nodular
limestones with primary cherts. All the section is in
Hallstatt Limestone facies and the fauna is pelagic
(ammonoids, conodonts, radiolaria, bivalves, fish
remains and foraminifera). The Çardak block is
characterized by 50 m of thin- to medium-bedded
grey to pink micritic and nodular limestones, with
ages ranging from middle to latest Norian. The
fauna, including ammonoids, conodonts, radiolaria
and foraminifera, is fully pelagic. The Zindan block
is about 10 m thick and is enclosed by the ultramafictype matrix. It comprises thin- to medium-bedded
black nodular and fetid early to late Spathian micritic
limestones containing conodonts and radiolaria. The
environment is interpreted as pelagic.
The Keven block (Figures 4 & 6F, Table 1) is about
25 m thick and is embedded in the ultramafic-type
matrix close to the boundary with the HM. This
succession is represented by a polygenic yellowish
breccia at the base interpreted as several mass-flow

deposits. The clasts present an eclectic association of
fossils from different environments characterized by
ammonoids, crinoids, bryozoans, ostracods,
brachiopods and fusulinids. One block yielded a Late
Pennsylvanian–Early Permian assemblage composed
of Tubiphytes? sp., Eotuberitina reitlingerae
Miklukho-Maklay, Endothyra sp., Globivalvulina
bulloides (Brady), Climacammina sp., Calcitornella
sp. and Schubertella ex gr. paramelonica Suleimanov.
Additionally, a large Sakmarian foraminifer Zellia cf.
nunosei Hanzawa was found in another clast. The
breccia is followed by two metres of bioclastic
packstone presenting the A, B, C and D facies of the
Bouma sequence. One sample (Sample M2, Table 1,
Figure 6F) just above the breccia yielded Tubiphytes
sp., Epimastopora sp., Kamaena sp. (Plate 4, Figure
7), Eotuberitina reitlingerae Miklukho-Maklay,
Tuberitina sp. (Plate 4, Figure 6b), Asselodiscus
davydovi Vachard & Moix, in review (nomen
nudum) (Plate 4, Figure 1), Lasiodiscus sp.,
Pseudovidalina modificata (Potievskaya) (Plate 4,
Figure 2), Spireitlina? sp. (Plate 4, Figure 4),
Climacammina sp., Deckerella sp., Tetrataxis sp.,
Globivalvulina vulgaris Morozova (Plate 4, Figure 5),
Schubertella ex gr. paramelonica Suleimanov (Plate 4,
Figures 3b?, 6a), Boultonia sp. (Plate 4, Figure 3a),
Calcivertella sp. and fragments of keriotheca of
Schwagerinoidea. This assemblage is comparable
with the Auernig Group of the Carnic Alps, i.e. dated
as Orenburgian (= latest Pennsylvanian in age), but
indicates the reworking of different Pennsylvanian
levels. The shallow water conodont Streptognathodus
cf. rectangularis Chernykh & Ritter, characteristic of
the early Asselian, was also identified within this
sample, thus indicating the youngest age of the
sediment. Another sample (Sample MM140, Table 1,
Figure 6F) from the upper part of the section yielded
the cyanobacteria s.l. Tubiphytes obscurus Maslov
and Bacinella sp., the algae Permocalculus? sp. and
the foraminifera Eotuberitina reitlingerae MiklukhoMaklay, Tuberitina bulbacea Galloway & Harlton,
Tetrataxis conica Ehrenberg, emend. Möller,
Climacammina sp., Schubertella sp., Calcitornella sp.,
Nodosinelloides
sp.
and
Schwagerinoidea
(Chusenella? sp.). This assemblage shows that this
part of the succession is probably late Early Permian
in age (i.e. Artinskian–Kungurian).
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The Hacialanı Mélange (HM)
The HM occupies the lowest tectonic position in the
southern part of the investigated area (Figure 4),
directly below the Mersin ophiolite. This peculiar
position is probably due to tectonic complications
during the Alpine tectonics. Tertiary sediments cover
indifferently the ophiolite, the SOM and the HM.
Compared to the SOM, well-developed broken
formations are less common in the HM, and its
components are genetically different. Most of the
collected samples predate the Middle Triassic but a
few younger blocks were found, notably two
radiolarite samples indicating respectively Dogger
(post-Aalenian, most probably Bajocian) and
Valanginian ages, and a block of micro-breccia
containing both fusulinids and fragments of rudists
indicating a Late Cretaceous age. These younger
blocks were obviously admixed during the final
emplacement and juxtaposition of both mélanges
(e.g., Norman 1993, Ankara region). They could also
represent the younger sequence above the Triassic
olistostrome in a distal position, compared to the
more proximal Bolkardağ (Figure 2C).
Matrix and Blocks of the Hacialanı Mélange– The
matrix of the HM may partly correspond to the
Sorgun formation of Pampal (1987). It comprises
argillites, silts, clays and sandstones and is wellexposed in the southern part of the investigated area
(Figure 4). The Sorgun formation is described as a
Maastrichtian–lower
Palaeocene
wildflysch
containing Permian, Upper Triassic, Jurassic and
Lower Cretaceous limestone blocks, with
Cenomanian–Campanian radiolarite olistoliths.
Palynological investigations in the matrix has shown
that the material is mainly composed of land plantderived bisaccates such as Triadispora sp. Klaus,
Striatoabieites aytugii Visscher, Lunatisporites
pellucidus (Goubin) Henelly, Ovallipolis pseudoalatus
Thiergart, and Endosporites papillatus Jansonius. O.
pseudoalatus ranges from late Anisian to Rhaetian, S.
aytugii occurs in the Anisian to Ladinian, and
Triadispora in the Middle and Late Triassic. L.
pellucidus and E. papillatus are Early Triassic forms.
There is no form which begins in the Carnian or
later. This suggests a late Anisian to Ladinian age
with some reworked Early Triassic sporomorphs in
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the matrix. Whereas a pre-late Anisian age can be
excluded, a Late Triassic upper age can neither be
proven nor excluded.
At places, a highly sheared greenish to mauve
shaly matrix is clearly associated with brownish
turbiditic sandstones with plant remains. The
sporomorph association is composed of land plantderived bisaccates like Lunatisporites sp. and
Platysaccus papilionis Potonié & Klaus. These forms
are obviously reworked, and so do not allow the
dating of the matrix. Along the road from Sorgun to
Poyrazlı, it is possible to follow about 400 m of
argillites intercalated with micro-conglomerates, silts
and sandstones with plants. The sandstones often
show graded bedding with flute casts and
bioturbations on the surface. The sporomorph
association here is mainly composed of tricolpate
pollens of Jurassic–Cretaceous age. In conclusion, it
is possible to underscore the occurrence of two
different generations of matrix in the HM: the earlier
of Middle to Late Triassic age, when the HM was
deposited as olistostromes in the Neotethys basin;
the second during Jurassic–Cretaceous times (and
most probably in the Late Cretaceous) when the two
mélanges (SOM + HM) combined. In the southern
part of the studied area near Kozan Deresi (a NE–
SW-oriented valley west of Hacialanı, Figure 4),
another type of matrix occurs, mainly composed of
shale, debris-flows and turbiditic sandstones.
Polymict debris-flow deposits present a large panel
of different detrital facies. The latter were not
investigated in detail but clasts are usually wellrounded and are mostly carbonates, sandstones,
radiolarites, pebbles of quartz and rhyolites, tuffs,
dolomites and lydites. The sandstones are often
deformed and exhibit cm- to dm-size inclined north
verging folds. Below the contact with the ophiolite,
the matrix is made of a mixture of sandstones and
radiolarites, and metre-scale blocks of neritic
limestones rich in fusulinids. Here, we identified
folded Ladinian radiolarian cherts, and two younger
cherts of Late Jurassic and Early Cretaceous age
embedded in the matrix (see below).
The dominating lithologies are Permian and
Triassic radiolarites, Middle Triassic basalts, Early
Permian slope sediments, plus Upper Triassic
sandstones and conglomerates. The oldest identified
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rock is a block of violet grainstone showing an
intense reworking of different Bashkirian,
Moscovian, Kasimovian, Gzhelian and Early
Permian faunas (Sample 355, Table 1, Figure 4). This
block yielded a palaeogeographically very important
late Asselian slope fauna. The age is given by
Streptognathodus barskovi (Kozur), which occurs in
both deep and shallow water facies, but not in very
shallow water carbonate platform environments. It
contains reworked late Gzhelian (Orenburgian)
Streptognathodus bellus Chernykh & Ritter, which
indicates the same environment as S. barskovi.
Especially interesting is a rich reworked Kasimovian
fauna containing Idiognathodus toretzianus
Kozitskaya, I. magnificus Stauffer & Plummer,
Streptognathodus cf. elegantulus Stauffer & Plummer,
Mesogondolella n. sp. (= Gondolella clarki Koike in
Einor 1979) and Gondolella n. sp. (= Gondolella
sublanceolata Gunnell in Kozitskaya et al. 1978).
Additionally, the Pennsylvanian Idioprioniodus sp. is
present. I. toretzianus, I. magnificus and
Streptognathodus cf. elegantulus occur in the same
environment, as S. barskovi. Gondolella and
Mesogondolella never occur in shallow water
platform carbonates but only in deep water basinal
or slope settings. Idioprioniodus sp. is a shallow water
form which may also occur in slope sediments
(transported from the shallow water). Because of its
long range, it is not clear whether it belongs to the
Kasimovian fauna. Without this species, the
Kasimovian fauna would be a basinal deep water
fauna; with this species, the fauna indicates a slope
development between basinal deep water and
shallow water deposits. Both environments have the
same palaeogeographic meaning. In the
Carboniferous, the Tauric platform had only a
shallow water platform development, in which
Gondolella and Mesogondolella did not occur. This
grainstone contains also metazoan fragments such as
bryozoans, brachiopods, crinoids, ostracods, the
algae and pseudo-algae Koivaella permiensis
Chuvashov, Archaeolithoporella hidensis Endô (Plate
4, Figure 15b), Foliophycus? sp., Beresella sp.,
Dvinella comata Khvorova (Plate 4, Figure 12a), D.
sp., (Plate 4, Figures 12b, 17a), Tubiphytes obscurus
Maslov (Plate 4, Figures 15a, 17b), Ungdarella sp.
(Plate 4, Figure 16c), the foraminifera Eotuberitina
sp., Endothyra sp., Climacammina sp., Tuberitina

bulbacea Galloway & Harlton, Globivalvulina
mosquensis Reitlinger, G. ex gr. bulloides (Brady),
Schubertella kingi exilis Suleimanov (Plate 4, Figure
13), S. ex gr. melonica Dunbar & Skinner (Plate 4,
Figure 14), Schubertella sp. (Plate 4, Figure 16b),
Protriticites sp., and indet. Schwagerinoidea (Plate 4,
Figure 16a). The fauna shows that this block cannot
be derived from the Tauric platform. Pennsylvanian
basinal and slope sediments are not known in the
western Neotethys. Facies of this age occur only at
the margin of the Palaeotethys or on the slope of
seamounts within the Palaeotethyan realm as in the
Tavas Nappe (Kozur et al. 1998; Vachard & Moix, in
review) or in Iran (Bagheri & Stampfli 2008). Masset
& Moix (2004) considered this block as belonging to
the SOM. As stated above, the faunal content
indicates derivation from the Palaeotethys. Thus, this
outcrop may represent a tectonic window of the HM
below the SOM, or it could have been admixed to the
SOM during Late Cretaceous obduction.
Only a few shallow-water carbonates were
accurately dated in the HM. These are mostly
oncoid-bearing Early Permian limestones rich in
fusulinids, crinoids, bryozoans, ostracods,
echinoderm
fragments
and
algae.
One
microrudstone (Sample 378, Table 1, Figure 4) with
very rare fragments of volcanites (Plate 4, Figure 9a,
b) and with crinoids yielded Archaeolithoporella
hidensis Endô, Tubiphytes sp., Eotuberitina sp.,
Reichelina sp. (Plate 4, Figure 8), Tuberitina sp.,
Globivalvulina
vonderschmitti
Reichel,
Neoschwagerina sp. and Schubertella cf. silvestrii
Skinner & Wilde. The presence of Neoschwagerina
sp. and Reichelina sp. (Plate 4, Figure 8) shows that
the age is Capitanian. Another bioclastic packstone
(Sample 325, Table 1, Figure 4) yielded Tubiphytes
sp., Tuberitina collosa Reitlinger, Neoendothyra sp.,
Tetrataxis sp., Lasiodiscus sp., Pachyphloia sp.,
Eotuberitina sp., Climacammina sp., Calcivertella sp.,
Calvezina ottomana Sellier de Civrieux &
Dessauvagie (Plate 4, Figure 11), Globivalvulina
vonderschmitti
Reichel,
Dunbarula
schubertellaeformis Sheng (Plate 4, Figure 10) and
undetermined
Neoschwagerinoidea
(either
reworked Cancellina or immature Neoschwagerina).
The pelagic conodont Mesogondolella intermedia
(Igo) marking the Kungurian was also found. The
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younger age is probably Capitanian, with the
reworking of several Middle Permian shallow water
and Early Permian pelagic faunas.
Other important samples are radiolarites, found
either floating in the matrix or as elements in
breccias or in broken formations. One Kungurian
radiolarian chert (Sample 383, Table 1, Figure 4)
yielded Pseudoalbaillella scalprata Holdsworth &
Jones, P. scalprata postscalprata Ishiga and
Spinodeflandrella sinuata (Ishiga & Watase). One
Wordian radiolarian chert (Sample MM174, Table 1,
Figure 4) yielded Pseudoalbaillella eurasiatica Kozur,
Krainer & Mostler (Plate 3, Figures AA, AC),
Parafollicucullus fusiformis Holdsworth & Jones
(Plate 3, Figures AB, AE), P. globosus Ishiga & Imoto,
Pseudoalbaillella sp., Latentifistula sp. and Cauletella
cf. manica (De Wever & Caridroit) (Plate 3, Figure
AD). This sample belongs to the upper part of the P.
globosus - P. fusiformis Zone. Another late Wordian
radiolarian chert (Sample 384, Table 1, Figure 4)
yielded Parafollicucullus globosus Ishiga & Imoto, P.
fusiformis Holdsworth & Jones, Libella aurita
Rudenko, Kimagior sp. and Quadriremis sp. This
sample belongs to the upper part of the Kungurian
Parafollicucullus globosus Zone.
Locally, well-bedded dark green tuffites of
supposed
Artinskian/Kungurian
age
are
conformably overlain by calciturbidites recycling
green tuffites. They are in turn overlain by
Kungurian radiolarites and Kungurian (?)
calciturbidites. A radiolarian chert (Sample 329,
Table 1, Figure 4) associated with green tuffites
yielded Pseudoalbaillella scalprata scalprata
Holdsworth & Jones, P. scalprata postscalprata Ishiga
and several Ruzhencevispongacea. Another
radiolarian chert of Guadalupian (probably Roadian)
age (Sample MM173, Table 1, Figure 4) associated
with limestones, greywackes and tuffs yielded an
assemblage composed of Pseudoalbaillella
postscalprata Ishiga (Plate 3, Figures J, K & L),
Quinqueremis sp. (Plate 3, Figures M, N), ?P.
rhombothoracata Ishiga & Imoto (Plate 3, Figure O),
Latentifistula sp. (Plate 3, Figure P), Gustefana? sp.
(Plate 3, Figure Q), Ishigaum trifustis De Wever &
Caridroit (Plate 3, Figure R), Spinodeflandrella? sp.
(Plate 3, Figures S, U & V), S. cf. siciliensis Kozur
(Plate 3, Figures T, V), S. spec. indet. (Plate 3, Figure
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X), Latentifistula sp. (Plate 3, Figure Y) and
Follicucullidae, gen. and sp. indet. (Plate 3, Figure Z).
The youngest pelagic sediment is a Valanginian
radiolarian chert (Sample J2, Table 1, Figure 4) which
yielded Archaeodictyomitra cf. apiarium (Rüst),
Dicerosaturnalis dicranacanthos (Squinabol),
Emiluvia chica Foreman, Hemicryptocapsa cf. capita
Tan, Pantanellium squinaboli (Tan), Praecaneta
cosmoconica (Foreman), and Svinitzium depressum
(Baumgartner). The Dogger (post-Aalenian, most
probably Bajocian) sample is a radiolarian chert
(Sample MM157, Table 1, Figure 4) characterized by
Stichocapsa convexa (Yao), Triversus japonicus
Takemura, Transhsuum sp., and Tricolocapsa? spp. As
stated above, these two samples are found
immediately below the ophiolite in the southern part
of the investigated area (see Figure 4). Lower
Cretaceous radiolarian cherts were also identified in
the SOM (see above). Thus, a direct derivation from
the Mersin ophiolite should be envisaged.
Broken Formations of the Hacialanı Mélange– The
Karinkalı block (Figures 4 & 6G, Table 1) is a 150-mthick sequence embedded in the argillite and
sandstone-rich matrix. The lateral extent of this
broken formation is relatively moderate (hundreds of
metres), and its lithological components are
sometimes reproduced at lower-scale elsewhere in
the HM, especially in the upper part of the sequence
which is made of characteristic calciturbidites
(calcarenites reworking green tuffites and yellow
dolomites, plus quartz, micas and feldspars). The
sequence starts with a sill (8 m) of lamprophyre,
followed by 2 m of medium-bedded highly
recrystallized pelagic limestones. It passes up into 25
m of argillaceous Kungurian radiolarites, which are
overlain by a 3 m lamprophyre sill. The top of this
formation consists of 6 m of argillaceous Kungurian
radiolarites, followed by thick calciturbiditic
deposits. In the middle part of the section, the
radiolarian assemblage (Sample K5, Table 1, Figure
6G) includes Pseudoalbaillella scalprata scalprata
Holdsworth & Jones, P. scalprata postscalprata Ishiga,
Foremanconus
sp.,
Latentifistula
sp.,
Spinodeflandrella siciliensis Kozur, and S. sp.
South of Sorgun, the sedimentary matrix is nearly
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absent, and sharp contacts between blocks or slices
of different lithologies can be observed. Along the
Sorgun River, three different mappable and coherent
units have been identified. They are from south to
north: (1) a hundred-metre-thick broken formation
composed of Kungurian radiolarites followed by
calciturbidites (Karinkalı block); (2) a broken
formation with pillow lavas at the base followed by a
radiolaritic sequence in stratigraphic contact. The
basalts show E-MORB or arc-related geochemical
signatures, whereas the sediments between the
pillow lavas indicate a latest Anisian age. The lowest
radiolarian assemblage (Sample J9a, Table 1) is
characteristic of the late Illyrian Kellnerites
felsoeoersensisis
Zone
and
includes
Pseudoertlispongus
angulatus
Kozur,
Paroertlispongus multispinosus Kozur & Mostler,
Triassocampe sp., Pseudosylosphaera sp. and
Eptingium nakasekoi Kozur & Mostler. The
uppermost radiolarian assemblage (Sample J9b,
Table 1) belongs to the latest Illyrian Reitzites reitzi
Zone and contains Oertlispongus inaequispinosus
Dumitrică, Kozur & Mostler, O. primitivus Kozur &
Mostler, transitional to Pseudoertlispongus,
Pseudoertlispongus mostleri Kozur, P. sp.,
Triassocampe scalaris Dumitrică, Kozur & Mostler
and Pseudostylosphaera coccostyla (Rüst), P. sp.,
Eptingium sp., Paroertlispongus sp., Paurinella sp.,
Vinassaspongus sp., Hozmadia sp. and Falcispongus
falciformis Dumitrică; (3) another hundred-metrethick broken formation made of thin-bedded and
highly folded black micritic limestones yielded
(Sample 129/06, Table 1) conodonts of Spathian age
including the index species Neospathodus homeri
(Bender).
Regional Correlations and Discussion
This section aims (1) to discuss the correlations of
the Sorgun and Hacialanı mélanges with data from
the regional geology (Figure 7) and (2) to examine
their consequences in term of palaeotectonic and
palaeogeographic evolution (Figure 8), focusing
successively on the correlations of the platform, slope
and basin units. It is obvious that some units of the
Mersin mélanges could be compared with the
Beyşehir-Hoyran, Antalya and Lycian nappes, and
with Baër-Bassit and Mamonia (e.g., Parlak &

Robertson 2004). Below, we present further evidence
of these correlations, comparing elements of the
Mersin mélanges (from single facies to coherent
stratigraphic sequences) to those of the Anatolian
terrane (i.e. the Beyşehir-Hoyran and the Lycian
nappes, the Bozkır-Karaman-Ermenek units) on one
hand, and to the South Taurides Exotic Units (i.e. the
Antalya Nappes, Mamonia) on the other hand (see
Moix et al. 2008a). Additional correlations with other
localities of the Tethyan realm (e.g., Greece, Italy, and
Iran) will also be proposed.
Platform Units
In the Mersin mélanges, the main lithologies are
recrystallized platform-type carbonates (Figure 9).
Between Güzeloluk and Sorgun, the Carboniferous–
Lower Cretaceous Göktepe Limestone was mapped
as a thrust sheet overriding the Mersin mélange
(Pampal 1987; Parlak 1996). The Göktepe Limestone
may be correlated with the Jurassic–Cenomanian
Cehennemdere formation in the Arslanköy area
(Demirtaşlı et al. 1984; Özer et al. 2004) and with the
Jurassic–Late Cretaceous Çağıloluktepe Limestone
in the Arslanköy-Tepeköy area (Pampal 1984).
Finally, the Göktepe Limestone, the Cehennemdere
formation and the Çağıloluktepe Limestone are
comparable, and most probably belong to the
Bolkardağ paraautochthon. Between Gâvuruçtuğu
and Sorgun in the SOM (Figure 4), Parlak &
Robertson (2004) reconstructed an intact Late
Permian to Early Cretaceous shallow-water platform
derived from the Bolkardağ and incorporated into
the ophiolitic mélange.
New palaeontological and tectonostratigraphic
evidence presented above demonstrate the exotic
nature of some of the platform carbonate blocks.
This is so for the Talvarlıyurt block (Figure 5A),
composed of Upper Triassic to Lower Jurassic neritic
limestones at its base. The Jurassic to Cretaceous
pelagic sedimentation, together with the deposition
of a wildflysch above Cenomanian radiolarites
indicate an early flexuration of a margin typical of
the Anatolian domain (Moix et al. 2008a). Also, the
post-Anisian and pre-latest middle Carnian age for
the shallow-water limestones at the base of the
Tavusçayırı block, together with the presence of the
Huğlu-type tuffites and the development of the
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Upper Triassic pelagic limestones above them,
indicate rifting in Middle–Late Triassic times. Thus,
an Anatolian terrane northern margin origin is
indicated for this series. Further clues come from the
Gâvuruçtuğu and Kocatabur blocks. The
Gâvuruçtuğu block at its base is composed of a
middle Norian ramp-type marl-limestone
alternation, followed by late Norian, Rhaetian and
probably Lower Jurassic shallow water limestones.
The presence of the middle Norian Epigondolella
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praeslovakensis conodont fauna suggests a
Neotethyan origin for this block (Moix et al. 2007b).
The Kocatabur block is composed of a post-latest
Carnian to pre-latest Rhaetian neritic series
overlying late Carnian pelagic limestones. The latest
Carnian fauna with Metapolygnathus mersinensis
and common Metapolygnathus primitius sensu
stricto, indicate a Neotethyan origin also (Moix et al.
2007b).
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In conclusion, some neritic sequences found in
the mélanges are exotic and are derived either from
the Anatolian terrane or from the Neotethyan
domain. There is no direct evidence of a continuous
platform from the Permian to the Cretaceous, as
stated by Parlak & Robertson (2004). However, it
cannot be excluded that some isolated blocks could
have been detached from the paraautochthonous
unit during obduction and admixed to the Upper
Cretaceous Sorgun mélange.
Slope Units
Tuffitic Units– Green tuffites with an alkaline
geochemical signature (WPB-type) sometimes
associated with Kungurian radiolarites and turbidites
are found exclusively in the HM (Figure 9). Similar
Kungurian sequences are known from Palaeotethys
series in NE Iran, where the volcanics either underlie
seamounts or are interstratified in pelagic rocks at
the slope and base of seamounts (Kozur & Mostler
1991; Bagheri et al. 2003; Bagheri & Stampfli 2008).
Upper Triassic tuffites are well-exposed in the SOM
and correspond to the Huğlu volcanism. The tuffitic
development of the Tavusçayırı block can be
compared to typical Anatolian series, such as in the
Beyşehir-Hoyran Nappes (Monod 1977; Gutnic et al.
1979; Parlak & Robertson 2004), in the Oyuklu Dağ
unit near Ermenek (Gökdeniz 1981), and in the
Bozkır units (Özgül 1976, 1997).
Before our study, the age of this regional tuffitic
episode was poorly known. At the type locality in
Huğlu, a minimal Anisian–Ladinian age was
indicated by shallow-water fossils reworked in
volcanic breccias (Monod 1977; Gökdeniz 1981;
Özgül 1997). Radiolarian assemblages obtained from
limestones intercalations at the base of the Huğlu
tuffites indicate a middle Carnian age (Kozur 1997;
Tekin 1999; Tekin et al. 2001). In the Tavusçayırı
block, the tuffs conformably overlie well dated late
middle Carnian Hallstatt Limestone (Figure 5B). In
the Oyuklu Dağ unit, massive reef limestones are
also filled by late Carnian Hallstatt Limestone
(Gökdeniz 1981). By analogy with Mersin, these
limestones overlain by Hallstatt limestone could be
seen as the substratum of the Huğlu tuffites. The
Huğlu tuffites are sometimes associated with

brownish altered lavas and tuffs. Interstratified
limestones at their base yielded a middle Carnian
ammonoid, consistent with the ages found in the
Tavusçayırı block. Lower to middle Upper Carnian
Huğlu-type tuffites associated with sandstones and
nodular limestones were recently identified near
Elbistan (Tekin & Bedi 2007a, b).
In the Tavusçayırı block, the end of the tuffitic
development is marked by the deposition of the
Huğlu Limestone indicating a latest Tuvalian or an
earliest Norian age. At the type locality in Huğlu, the
tuffites are conformably overlain by the Huğlu
Limestone formerly assumed to be Middle Triassic at
their base and Cenomanian–Campanian at their top
(Monod 1977; Gutnic et al. 1979). Kozur (1997)
considered that the Huğlu-type limestones begin in
the upper Carnian and range up to the uppermost
Triassic. In the Bozkır units, calcareous
sedimentation above the tuffites began during the
Late Triassic and persisted until the Santonian
(Özgül 1997). In Elbistan, the tuffs are overlain by
late Carnian to Norian pelagic limestones (Tekin &
Bedi 2007a, b). In the Oyuklu Dağ unit, a middle–
late Norian age is assigned to the Huğlu Limestone,
which overlies Carnian green tuffites (Gökdeniz
1981; Gallet et al. 2007).
In conclusion, the Huğlu development in the
SOM shows an indisputable stratigraphic continuity
between part of the Oyuklu Dağ unit and part of the
Huğlu unit in its type locality. Typical Pindos
sequences found in the Peloponnese, in Crete and in
the Dodecanese islands present the same type of
series (Degnan & Robertson 1998; Stampfli et al.
2003; Moix et al. 2008b; Moix & Stampfli 2009; Moix
2010). The deposition of Hallstatt limestone above
shallow-water limestones during the middle Carnian
corresponds to the Huğlu-Pindos signal (Stampfli &
Kozur 2006; Moix & Stampfli 2009). This signal is
also identified in typical Pindos sections in the
Peloponnese, where upper Cordevolian pelagic
limestones associated with lavas were recognized
(Tsoflias 1969; Degnan & Robertson 1998). The
Huğlu-type sequences are related to the latest
extensional events leading to back-arc openings in
the Variscan cordillera in the Late Triassic (i.e.
opening of the Huğlu-Pindos Ocean). These events
are marked by widespread volcanism and led finally
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to the onset of a passive margin setting that lasted
until the Late Cretaceous obduction of suprasubduction type ophiolites over the north Anatolian
margin.
Breccias,
Sandstones
and
Conglomerates–
Carboniferous, Early to Late Permian and Triassic
(until the Norian) proximal slope and distal gravityflow deposits are found in the Mersin mélanges
(Figures 7 & 9). We interpret the Pennsylvanian and
the Lower Permian slope facies as most probably
derived from the Palaeotethys. As said above,
Pennsylvanian and pre-Kungurian–Lower Permian
slope deposits are not known from the western
Neotethys, whereas Middle and Upper Permian
slope sediments could have been derived from either
the Palaeotethys or the Neotethys. In the HM, deepwater sediments are represented by Middle–Upper
Triassic turbiditic clays and sandstones with plant
remains, and showing abundant flute-casts. Locally,
the identification of Torlessia spp. indicates Carnian
or Norian ages for the deposits. These terrigenous
sediments could be the matrix for the HM and are
analogous to the late Anisian to lower Carnian
Sicilian ‘Lercara formation’ with comparable
palynomorph assemblages (Carcione 2007).
Molasse-type
greenish
sandstones
and
conglomerates reworking quartz, rhyolite and lydite
pebbles are often associated with the turbiditic
sandstones. These molasse deposits are interpreted
to be the product of the Late Triassic collision
between the Anatolian and Taurus terranes
(Cimmerian molasse, Moix et al. 2008a). In the
SOM, turbiditic sandstones are rare and only found
as small and scarce isolated blocks.
The Upper Triassic turbiditic sandstones with
plants associated with Halobia-bearing pelagic
limestones are common in the Antalya Nappes and
are also found in Cyprus, Baër-Bassit (Syria) and in
the Pindos sequences of Crete, Karpathos, Rhodes
and Tilos. At the base of the upper Antalya Nappes,
pelagic limestones interstratified in the sandstones
yielded late Carnian conodonts (Hungerbühler et al.
2008). Sandstones with plant debris are identified in
the Beyşehir-Hoyran Nappes (Gökdeniz 1981), and
are found below the Huğlu-type tuffites. We regard
these sandstones as potential syn-rift deposits of the
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Huğlu-Pindos Ocean. In eastern Turkey, the base of
the Andırın Massif is characterized by Carnian–
Norian greenish sandstones with plant remains,
rhizomorphs and coal seams, interspersed by
Halobia-bearing limestones (Pampal & Kurtman
1984). The easternmost locality of these Upper
Triassic sandstones with plant remains are described
in Baër-Bassit (Lapierre 1975; Delaune-Mayère et al.
1977). In the Mamonia ‘Nappes’ in Cyprus, the
Vlambouros Formation (Lapierre 1975) comprises
sandstones with plants intercalated by early to upper
Norian Halobia-bearing limestones containing the
conodonts Epigondolella quadrata Orchard,
Neohindeodella sp., E. postera Kozur & Mostler,
Norigondolella steinbergensis (Mosher), and Mockina
bidentata (Mosher). Lapierre (1975) thought that
these detrital units starting in the Norian persisted
into the Jurassic (most probably limited to the
Liassic). Similar sandstones are found at the base of
Pindos-type sequences in Greece (Degnan &
Robertson 1998; Stampfli et al. 2003; Moix et al.
2008b; Moix & Stampfli 2009).
Turbiditic sandstones often associated with
molasse deposits were also present at the northern
margin of the East Mediterranean/Neotethys
(southern margin of the Taurus terrane) and are
related to the closure of the Palaeotethys between the
Taurus and the Anatolian terranes. Near Seydişehir,
the Sarpiar Dere flysch-like sequence (Monod 1977)
is interpreted to have been deposited in a middle
Carnian to Norian piggy-back basin in front of the
Cimmerian orogenic front. The Sarpiar Dere
sandstones are coeval with the Carnian/Norian
Kaşımlar formation (Gutnic et al. 1979), the latter
being deposited in a flexural basin. In the Lycian
Nappes, the Carnian–Norian Belenkavak formation
of the Karadağ unit comprises sandstones, siltstones
and shales including blocks of Permian limestones
(Kozur et al. 1998; Vachard & Moix, in review), and
probably represents an equivalent of the Sarpiar Dere
formation. Some of the molasse deposits are
represented by the widespread Upper Triassic–lower
Liassic Çayır formation which is composed of red
continental silts and sandstones, and conglomerates
(Gutnic et al. 1979). This type of conglomerate has
been also identified in the HM, in the Aladağ unit
and in the Antalya Nappes (Moix & Stampfli 2009;
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Martini et al. 2009; Moix et al. 2008b; Vachard &
Moix, in review).
Upper Permian and principally Triassic detrital
units constitute a major element in comparisons and
play an important role in deciphering the
geodynamic evolution of the Tethysides. In
particular, the Late Triassic–Early Jurassic time
interval sheds light on two different but quasisynchronous geodynamic events. Some of the clastic
units are related to diffuse rifting along the southern
margin of Eurasia (e.g., Huğlu-Pindos rift
sequences), whereas others reflect the Cimmerian
collision between Gondwana and post-Variscan
Eurasia-derived terranes (Moix et al. 2008b; Moix &
Stampfli 2009). Because of the concomitant closure
of the Palaeotethys and opening of the Huğlu-Pindos
back-arc in the Palaeotethyan active margin, the
source for the Upper Triassic clastics is difficult to
establish.
Only
the
evolution
of
the
tectonostratigraphic units can bring enough
constraints to replace these series in a coherent
geodynamic scheme. In the Huğlu-Pindos Ocean,
Carnian to Norian clastics (sometimes associated
with lavas) interspersed with Halobia-bearing
pelagic limestones are syn-rift sediments and are
followed by a continuous pelagic sequence until the
Palaeocene. On the Taurus terrane, Norian to Liassic
platforms overlie the Cimmerian molasse deposits.
In this case, the shallow marine sedimentation
persists until the flexuration of the composite
Anatolian-Tauric platform in Campanian–
Maastrichtian times (e.g., Stampfli et al. 2003; Moix
et al. 2008a).
The closure of the Palaeotethys in Late Triassic
times between two crustally attenuated terranes
caused minor inversions and locally the
sedimentation continued with little disturbance. In
other places, the Eo-Cimmerian relief was only
transgressed in the Middle Jurassic (Monod 1977).
After the Cimmerian event, the Anatolian and
Taurus terranes formed a single entity, covered by
large carbonate platforms of Jurassic age. The lower
plate position of the Taurus terrane during the EoCimmerian collision induced the development of
foreland and piggy-back basins, filled-up with flysch
and/or molasse deposits (e.g., Sarpiar Dere and
Kaşımlar formations). We think that locally such
flysch-like deposits overstepped the Cimmerian

block and were deposited in the East-Mediterranean
basin (Moix et al. 2008a). The Lower–Middle
Triassic Gerdekesyayla formation in the northern
Bolkardağ unit and the Lower–Middle Triassic
Karagedik formation in the southern Bolkardağ unit
(Figure 2A–C) are also marked by a large detrital
input including reworked blocks of Permian age
(Demirtaşlı et al. 1984). These Triassic detrital units
are most probably a lateral equivalent of the HM. A
similar type of reworking exists in Sicily, where it is
clearly part of the Neotethys pelagic sequence
(Stampfli et al. 2001). These deep-sea fans
interstratified in the Neotethys sequence, were remobilized during the final emplacement of the
Mersin-type or peri-Arabian ophiolites.
Basin Units
Basin Units in the Sorgun Ophiolitic Mélange– Both
the Upper Triassic Hallstatt Limestone and Lower
Jurassic Ammonitico Rosso Limestone are
exclusively found in the SOM (Figures 8 & 9). Upper
Triassic to Cretaceous basinal sequences are also a
characteristic of the SOM, and these series could
belong either to the Neotethys or to the HuğluPindos Ocean. The Kangal, Gerdemelipınarı,
Fırıntaş and Çardak blocks represent different stages
of the same pelagic sedimentation in Hallstatt
limestone facies ranging from the middle Carnian to
the early Rhaetian. Contrary to other sequences
described in Turkey and with the exception of the
northern margin of the Küre Ocean which presents
large amounts of Anisian to upper Norian or lower
Rhaetian Hallstatt limestone (Kozur et al. 2000), the
Triassic Hallstatt Limestone facies are well
represented: they began in the Anisian and persisted
until the late Norian. This type of Hallstatt
Limestone facies is found as blocks of different sizes
and presents many similar characteristics to the
upper Antalya Nappes (Figures 7, 8 & 9). The
similarities between the Kangal block and the
Bölücektası and Kavaalanı sections from the Bakırlı
Dağ unit are obvious (Marcoux et al. 1986).
In the SOM, the Toarcian Ammonitico Rosso
Limestone is compared to well-known successions
found in allochthonous sequences in Turkey (Figures
7, 8 & 9). The Boyalı Tepe and the Oyuklu Dağ units
in the Beyşehir-Hoyran Nappes (Gutnic & Monod
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1970; Özgül 1976; Gökdeniz 1981), the Gökgöl unit
near Dinar (Gutnic et al. 1979), the Gümüşlü and the
Domuz Dağ units in the Lycian Nappes
(Brönnimann et al. 1970; Poisson 1977; Gutnic et al.
1979; Dommergues et al. 2005), and the Urbut
section in the Bornova flysch zone (Okay & Altıner
2007) present a moderate to well-developed
Ammonitico Rosso Limestone of comparable age.
The Toarcian Ammonitico Rosso limestone of the
SOM belongs to the Huğlu-type sequence and can be
therefore best correlated to the Oyuklu Dağ unit in
the Beyşehir-Hoyran Nappes. There, the
Ammonitico Rosso limestone is followed by upper
Pliensbachian to lower Toarcian cherty limestones,
overlain by Aalenian to lower Bajocian radiolarian
cherts. In the SOM, the radiolarian cherts are late
Bajocian in age. The condensed units of Liassic age
in southern Turkey suggest a common origin for
these nappes, along the northern passive margin of
the Anatolian terrane. The Liassic condensed level
marks a starvation stage, followed by the generalized
thermal subsidence of the margin.
Basin Units in the Hacialanı Mélange– The Middle to
Upper Triassic matrix, the Pennsylvanian to Lower
Permian pelagic and slope deposits, the
Lower/Middle Permian and Middle Triassic
radiolarites are exclusively found in the HM (Figure
9) and are probably derived from the Palaeotethys
because these lithologies and facies are absent from
Neotethyan sequences of this age (Moix et al. 2007a).
Radiolarites of Kungurian age are unknown from the
western Neotethys, where the oldest radiolarites have
a (late) Wordian age. Kungurian radiolarites and
pelagic limestones laid on tuffs and volcanics are
common in the Palaeotethys of Iran (Kozur &
Mostler 1991; Bagheri et al. 2003, 2004), where they
are related to Early Permian seamounts within the
Palaeotethys. The Middle Permian radiolarites could
be derived from either the Palaeotethys or from the
Neotethys, e.g., Sang-e-Sefid in the Palaeotethys of
NE Iran or in the Neotethys of Oman.
Permian pelagic faunas are found in the
Neotethyan realm of Sicily (Kozur 1990; Catalano et
al. 1991, 1992; Kozur 1995). The opening of the
Neotethys Ocean gave birth to a new passive margin
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along the northern side of Gondwana from Sicily to
Timor, passing through the East Mediterranean
basin, Oman and the Himalayas. The oldest fauna in
the western Sicanian Basin is a latest Artinskian–
Kungurian basinal microfauna that shows Pacific
affinities. Middle Permian Hallstatt Limestone
similar to that found associated to MORB in Oman
(Niko et al. 1996) was also reported from the Sosio
Complex by Kozur (1995). Its Guadalupian pelagic
macro-fauna presents strong affinities with northern
Iraq, Oman, Malaysia and Timor (Gerth 1950;
Vašíček & Kullmann 1988; Blendinger et al. 1992;
Sone et al. 2001). The Late Permian Albaillellaria
fauna from red deep-sea clay in the Sicanian domain
leads to the same conclusion (Kozur 1993). These
facts imply a Middle–Late Permian direct deep water
connection of the East-Mediterranean basin with the
Neotethys. We consider the Middle–Late Permian
Sicanian Basin to represent the northwestern end of
the East-Mediterranean rift/ocean system. Late
Artinskian
and
mainly
Kungurian
sediments/microfossils from the Palaeotethyan
accretionary prism were recycled as olistoliths in the
Neotethyan Roadian olistostrome unit, partly also in
(?) Middle Triassic to middle Carnian siliciclastic
turbidites and marls, or were later mixed with Upper
Triassic limestones in a Tertiary tectonic mélange.
Carboniferous and Permian radiolarian cherts
and other pelagic sediments were recognized in the
Çal and Hodul units of the Karakaya Complex (Okay
& Mostler 1994; Göncüoğlu et al. 2004), in the Tavas
Nappe (Kozur et al. 1998; Moix et al. 2007c; Moix
2010; Vachard & Moix, in review), in the Çataloturan
Nappe of the Bolkardağ unit (Göncüoğlu et al. 2007)
and in the Baltalimani formation of the İstanbul
block (Noble et al. 2008). In the Mersin mélanges,
the Palaeozoic remnants found so far are
Mississippian to Capitanian shallow marine and
pelagic rocks. Among them, Early Carboniferous to
Middle Permian shallow-water environments are not
discriminating in terms of palaeogeography, as
shallow water sedimentation of that age is welldeveloped both in the Anatolian and Tauric terranes.
In contrast, Mississippian to Lower Permian pelagic
and slope deposits, as well as Kungurian radiolarites
clearly indicate a Palaeotethyan origin for parts of
the HM.
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One outcrop exhibits uppermost Anisian
radiolarian cherts associated with WPB-type pillow
lavas which show an arc tholeiitic affinity. Late
Illyrian pillow lavas have never been described
elsewhere in Turkey. The latest Anisian age excludes
an Anatolian rift origin because the Huğlu-Pindos
Ocean did not open till Late Triassic times. As the
HM contains numerous evidence for Palaeotethyan
remnants, these upper Anisian pelagic sediments can
be seen as Palaeotethyan relics or as an eastern
continuation of the Karakaya fore-arc basin, in
which Anisian pelagic sediments are very common.
Conclusion
Extensive
field
work
and
numerous
micropalaeontological determinations in the infraophiolitic mélanges of the Mersin ophiolite lead us to
clearly differentiate two mélanges: the Upper
Cretaceous Sorgun ophiolitic mélange and the
Ladinian–Carnian Hacialanı mélange. We show that
these mélanges display the mixed origin of different
blocks and broken formations, as summarized below.
(1) The Palaeotethyan remnants are common and
found exclusively in the Hacialanı mélange as
small blocks and a few broken formations.
Pennsylvanian and Lower Permian slope and
basin deposits (calcarenites, radiolarites) are
unknown from the western Neotethys but have
been described in Palaeotethyan series in the
Lycian Nappes and in the margins of displaced
terranes in Iran. Radiolarites of Kungurian age
are sometimes associated with abundant tuffites
and are also unknown in the western
Neotethyan realm, where the oldest radiolarites
have a (late) Wordian age. Kungurian
radiolarites and pelagic limestones overlying
tuffs and volcanics are common in the
Palaeotethys of Iran, where they are related to
Early Permian seamounts within the
Palaeotethys. These Palaeotethyan remnants
within the HM were most likely reworked as
major olistostromes in the Neotethys basin
during the Eo-Cimmerian orogenic event.
(2) Neotethyan elements are represented by
potential Middle–Late Triassic seamounts and
by broken formations containing Neotethyan
faunas. The abundance of Metapolygnathus

mersinensis Kozur & Moix and M. primitius
sensu stricto in the latest Carnian of the
Kocatabur block, as well as the rich occurrence
of the middle Norian Epigondolella
praeslovakensis Kozur, Masset & Moix in the
Gâvuruçtuğu block indicate a derivation from
the Neotethys, but further studies in the latest
Carnian to middle Norian interval of the
Pindos, Antalya and Huğlu units are necessary
to exclude the common occurrence of these two
species in the Huğlu-Pindos Ocean, also
exposed in the Antalya Nappes.
(3) The main Anatolian elements (upper plate
position) are symbolized by sequences
belonging to the northern passive margin of the
Anatolian terrane (southern margin of the
Huğlu-Pindos Ocean), outlined by the Late
Triassic syn-rift volcanic event (Huğlu-type
series also found in the Beyşehir-Hoyran
Nappes), the early flexuration of the margin
(already during the Cenomanian) and the Late
Cretaceous obducted ophiolitic sequences. This
margin is interpreted as emerging from the
collapse of the former Variscan cordillera and
opening of major back-arc type basins along the
northern active margin of Palaeotethys during
the Triassic.
(4) The Tauric elements (lower plate position) are
represented by Eo-Cimmerian flysch-like and
molasse sequences, intercalated in Neotethyan
series starting most probably with pelagic
Permian sediments totally absent from the
Anatolian domain. Other blocks are most
probably derived from the paraautochthonous
sequences belonging to the Taurus-Beydağları
marginal sequences.
The Mersin Ophiolitic Complex belongs to the
South-Taurides Exotic Units, extending from Mersin
to Antalya, and which can be widened to include the
Mamonia ‘Nappes’ in Cyprus. This domain is made
of exotic elements of the Anatolian terrane now
found south of the Taurus terrane, juxtaposed with
elements derived from the Palaeotethys/
Neotethys/Taurus terrane, and emplaced onto the
Taurus southern margin (Mersin) or Beydağları
domain (Antalya) in Late Cretaceous–Palaeocene
times (Moix et al. 2008a). In terms of palaeotectonic
and palaeogeography, a direct implication is the need
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for (roughly E–W) lateral displacements of hundreds
of kilometres to explain the present day structural
scheme. In conclusion, the ages and distribution of
the basin, slope and platform facies found in the
mélanges, their faunal content, the age of the passive
margin onto which the ophiolites were obducted,
and the evolution of the stratigraphic series
demonstrate that several Tethyan oceanic basins
were involved in the formation of the southern
Tauric ophiolitic nappes. The coexistence south of
the Bolkardağ of these cosmopolitan units is of
crucial importance in deciphering the regional
palaeogeographic and palaeotectonic evolution.
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PLATE 1
Late Serpukhovian to Middle Permian bioclasts.
Figures 1–3. Late Serpukhovian. Sample 393.
Figure 1.

Detail of a broad dendrolite of Praedonezella cf. cespeformis Kulik.

Figure 2.

Terebella (worm burrow) within a microbialitic biopelmicrite (thrombolite).

Figure 3.

Plectostaffella cf. varvariensiformis Brazhnikova & Vdovenko. Axial section. Late Serpukhovian. Sample 393.

Figures 4–8. Bashkirian. Sample MM144
Figure 4.

Asteroarchaediscus postrugosus (Reitlinger). Axial section.

Figure 5.

Cornuspira multivoluta (Reitlinger). Axial section.

Figure 6.

Anthracoporellopsis machaevii Maslov; subaxial section (a) and two oblique sections of Cornuspira multivoluta (b–c).

Figure 7.

Ozawainella aff. digitalis Manukalova. Subaxial section with an attached Hemithurammina fimbriata (Howchin) emend.
Mamet (right, bottom).

Figure 8.

Iricinella spirilliniformis (Brazhnikova & Potievskaya). Subtransverse section.

Figures 9–18. Bioclasts of different ages reworked in a post-Asselian microbrecciated rudstone. Sample MM092.
Figure 9.

Fusulinella sp. Subtransverse section. Reworked late Moscovian.

Figure 10.

Obsoletes sp. Subaxial section. Reworked early Kasimovian.

Figure 11.

Asteroarchaediscus baschkiricus (Krestovnikov & Teodorovich). Axial section. Reworked Serpukhovian or Bashkirian.

Figure 12.

Iriclinella sp. Transverse section (a) with Ungdarella sp. (axial section). Reworked Bashkirian.

Figure 13.

Pseudostaffella ex gr. antiqua (Dutkevich) (associated with big oolites, which can be used as secondary markers).
Reworked early Bashkirian.

Figure 14.

Bradyina lucida Morozova emend. Pinard & Mamet. Reworked Pennsylvanian.

Figure 15.

Rauserites sp. Axial section. Reworked Gzhelian.

Figure 16.

Beresella sp. Axial sections. Reworked Moscovian.

Figure 17.

Archaeolithoporella hidensis Endô. Reworked Capitanian.

Figure 18.

Tubiphytes obscurus Maslov, with an attached Archaeolithoporella hidensis Endô. Reworked Capitanian.
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PLATE 2
Triassic and Cretaceous radiolarians from the Late Cretaceous Sorgun ophiolitic mélange. On each illustration, the SEM number is
indicated. Rock samples, residues and illustrated specimens are stored in the collection of the first author. All scale bars = 100 microns.
Figure A. Pseudostylosphaera sp., 353-R18-02.
Figure B. Muelleritortis? sp., 353-R18-03.
Figure C. Xitus cf. mclaughlini Pessagno, MM019-R07-01.
Figures D, N. Pseudodictyomitra aff. pseudomacrocephala (Squinabol), D– MM019-R07-02, N– MM019-R07-12.
Figures E, G, J.Dictyomitra sp. E– MM019-R07-03, G– MM019-R07-05, J– MM019-R07-08.
Figure F.

Archaeodictyomitra sp., MM019-R07-04.

Figures H, K, L, M, O, P. Dictyomitra kozlovae Foreman gr.: H– MM019-R07-06, K– MM019-R07-09, L– MM019-R07-10, M–
MM019-R07-11, O– MM019-R07-13, P– MM019-R07-14.
Figure Q. Dictyomitra cf. formosa Squinabol MM019-R07-15.
Figure I.

Holocryptocapsa cryptodon Dumitrică, MM019-R07-07.

Figure R. Praexitus alievi (Foreman), 316-R16-01.
Figure S.

Suna hybum (Foreman), 316-R16-02.

Figure T. Xitus vermiculatus (Renz), 316-R16-03.
Figures U, Y, AA, AB. Dictyomitra communis (Squinabol), U– 316-R16-05, Y– 316-R16-10, AA– 316-R16-12, AB– 316-R16-13.
Figure V. Hiscocapsa asseni (Tan), 316-R16-06.
Figure W. Pseudoeucyrtis zhamoidai (Foreman), 316-R16-07.
Figure X. Pseudodictyomitra carpatica (Lozinyak), 316-R16-09.
Figure Z. Pseudodictyomitra lilyae (Tan), 316-R16-11.
Figure AC. Pseudodictyomitra cf. thurowi Dumitrică, 316-R16-14.
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PLATE 3
Permian, Triassic and Jurassic radiolaria from the Late Cretaceous Sorgun ophiolitic mélange and from the Ladinian-Carnian Hacialanı
mélange. On each illustration, the SEM number is indicated. Rock samples, residues and illustrated specimens are stored in the
collection of the first author. All scale bars = 100 microns.
Figure A.

Annulotriassocampe sp., G19-R10-01.

Figure B,

?Livarella densiporata Kozur & Mostler, G19-R10-02.

Figures C, I.

Archaeospongoprunum imlayi Pessagno, C– 339-R11-02, I– 339-R11-11.

Figure D.

Transhsuum medium Takemura, 339-R11-03.

Figure E.

Transhsuum maxwelli (Pessagno), 339-R11-05.

Figure F.

Paronaella broennimanni Pessagno, 339-R11-06.

Figure G.

Napora sp., 339-R11-09.

Figure H.

Protunuma costata (Heitzer), 339-R11-10.

Figures J, K, L. Pseudoalbaillella postscalprata Ishiga. J– MM173-R03-01, K– MM173-R03-03, L– MM173-R03-04.
Figure M, N. Quinqueremis sp., M– MM173-R03-05, N– MM173-R03-06.
Figure O.

?Pseudoalbaillella rhombothoracata Ishiga & Imoto, MM173-R03-08.

Figure P.

Latentifistula sp., MM173-R03-09.

Figure Q.

Gustefana? sp., MM173-R03-10.

Figure R.

Ishigaum trifustis De Wever & Caridroit, MM173-R03-11.

Figures S, U, W. Spinodeflandrella? sp., S– MM173-R03-12, U– MM173-R03-14, W– MM173-R03-16.
Figures T, V. Spinodeflandrella cf. siciliensis Kozur, T– MM173-R03-13, V– MM173-R03-15.
Figure X.

Spinodeflandrella spec. indet., MM173-R03-17.

Figure Y.

Latentifistula sp., MM173-R03-18.

Figure Z.

Follicucullidae, gen. et sp. indet., MM173-R03-19.

Figures AA, AC. Pseudoalbaillella eurasiatica Kozur, Krainer & Mostler, AA– MM174-R04-01, AC– MM174-R04-04.
Figures AB, AE. Parafollicucullus fusiformis Holdsworth & Jones, AB– MM174-R04-02, AE– MM174-R04-03.
Figure AD.

Cauletella cf. manica (De Wever & Caridroit), MM174-R04-05.
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PLATE 4
Figures 1–7.

Early Asselian breccia. Sample M2.

Figure 1.

Asselodiscus davydovi Vachard and Moix, in review (nomen nudum). Axial section.

Figure 2.

Pseudovidalina modificata (Potievskaya). Axial section.

Figure 3.

Boultonia sp. (a) (subaxial section) and Schubertella sp. (b) (subtransverse section).

Figure 4.

Spireitlina? sp. Transverse section.

Figure 5.

Globivalvulina vulgaris Morozova. Oblique section.

Figure 6.

Schubertella ex gr. paramelonica Suleimanov (a) (axial section) and Tuberitina sp. (b).

Figure 7.

Kamaena sp. Axial section.

Figures 8–9.

Capitanian reworked bioclasts and microfacies of sample 378.

Figure 8.

Reichelina sp. Subtransverse section.

Figure 9.

Microfacies of microrudstone with fragments of volcanites (a, b).

Figures 10, 11. Bioclasts of sample 325.
Figure 10.

Dunbarula schubertellaeformis Sheng. Axial section.

Figure 11.

Calvezina ottomana Sellier de Civrieux & Dessauvagie. Axial section.

Figures 12–17. Reworked material of sample 355.
Figure 12.

Dvinella comata Khvorova. Two axial sections (a, b).

Figure 13.

Schubertella kingi exilis Suleimanov. Axial section.

Figure 14.

Schubertella ex gr. melonica Dunbar & Skinner. Axial section.

Figure 15.

Tubiphytes obscurus Maslov (a) and Archaeolithoporella hidensis Endô (b).

Figure 16.

Schwagerinoidea indet (a), Schubertella sp. (b), and Ungdarella uralica Maslov (c).

Figure 17.

Dvinella sp. (a) and Tubiphytes obscurus Maslov (b).
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